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ABSTRACT

Notched slow bend tests on 3/4 inch thick plate welded experi-
mentally to simulate seam and girth welds in a 260 inch solid pro-
pellant rocket motor case are adequate to detect low levels of
fracture toughness and indicate that TIG welding {8 preferable to
MIG or shorting arc methods. Critical flaws will be detectable by
current inspection methods. A simplified method for determining
K;. was experimentally verified.
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INTRODUCTION

- The general plan of the testing program was arranged at meetings
in 1963 (reference (b)). An objective was to obtain a practical basis
for evaluating the fracture toughness of base metal and of several
types of welds in maraging steel plate materials being considered for
the rocket casings. As a means of simplifying the calculation of the
plane strain fracture toughness value Ky. from bend test data, a

study was made of the use of equation 10 described in reference (c).

Appendix A lists the results from all valid bend tests having
a starting notch parallel to the plate surface.

DESCRIPTION OF MATERIAL

The 3/4 inch thick plates of maraging steel were from an air-
melted 18 Ni (250) grade and from a vacuum remelted 18 Ni (200) grade.
Compositions of the heats of plate and of welding wire are listed in
Table 2. The main chemical differences between the two grades were
in contents of titanium, molybdenum and cobalt. These analyses
represented standard material at the time the test was started.
Because of short supply of material at the time, several heats were
used in testing each grade of plate. Additional variables under test
were the effects of plate rolling direction and of four different
procedures for welding. Two panels were heat treated to aged strength
before welding, otherwise all welds were made on annealed plate. The
test conditions are summarized in Table 22.

The welds were made by Excelco Developments Incorporated
(reference (d)). This company also made the initial preparation of
test bars by sectioning, grinding and machine notching, following a
typical test layout shown in Figure 1.

Identification and classification of bar shipments and the tensile
testing were carried out by the Mechanics Division of the Naval Research
Laboratory. At the Naval Weapons Laboratory the bars were given
additional machine notching if required, aged, fatigued in reverse
bending to add a natural starting crack, and bend tested. A standard
aging heat treatment of four hours at 915°F was used as suggested by
Excelco.



Nominal tensile properties in longitudinal and transverse
specimens from each heat of plate after aging are shown in Table 3.
The 18 Ni (200) grade represented by the last three heats in this
table had actual yield strengths in the range of 225,000 to 235,000 psi
compared with 250,000 to 270,000 for the 250 grade.

DESCRIPTION OF TEST EQUIPMENT AND PROCEDURE

The method of bend testing has been described in references (c),
(e) and (f). 1In early tests, KIc was determined by an experimental

compliance method using these formulas.

2
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(Symbols are identified in Tables 4-21 and 23.)

This method required a lengthy calibration procedure conducted on
only a few bars of a test lot, It had the merit of avoiding unknown
factors which might affect mathematical relations in calculating Kg,.

More recently, in equation 10 of reference (c), a formula for K;. was

introduced, based essentially on mathematical consideratioms and
avoiding the use of the parameters E or v.
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In the present report, both ways of determining Ky. usually were tried
on the same test lot in order to examine the correlation between them.
A test usually was replicated about twenty times in important areas

to facilitate a statistical comparison.




Some compliance testing of 250 grade bars was carried out using
a constant load for calibration before this procedure was found
unsatisfactory. These test values were omitted from the tables.
For accurate work with the compliance method it was found necessary
to use a variable calibration load for the d(B/M)/da relation which
produced a calculated fiber stress at the bottom of the slot about
equal to half of the yield stress (reference (e)).

Approximate locations for the starting notch in the bend tests
are identified in Figure 2. A machined V-notch generally extended
to 15 percent of bar depth although a few 5 percent notches were
tried. For the 250 grade, a 15 percent notch plus about a 0.02 inch
depth of fatigue crack proved satisfactory (combined depth of
approximately 0.14 inch or 20 percent). The tougher 200 grade of
maraging steel required a deeper notch in order to obtain a reasona-
bly sharp end point of the load-deflection curve. A total depth of
notch plus fatigue crack near the 28 percent optimum indicated by
equation 19 of reference (c) was used. These deeper notches generally
were fatigued down from a 15 percent machined notch., This made the
fatigued part of the notch somewhat deeper than a proposed 0.02 inch
standard extension of a machined notch. However the deeper fatigue
crack did not interfere seriously with obtaining a fairly straight
crack front and the practice eliminated remachining operations (for
future tests, a 20 percent machined notch depth probably would be
recommended) .

A fatigue load was used which would produce a suitable fatigue
crack after reverse bending in the range of 5,000 to 20,000 cycles
using a Krouse-type plate fatigue machine adapted to 3/4 inch bars.

The total initial crack depth or ''visual a" value was measured
to the nearest 0.005 inch except for some early tests reported only
to 0.01 inch. The a depth was based on average distance of the fatigue
crack front from the surface of the bar.

A reduced test coverage of some plates was caused mainly by with-
holding of bars for special tests at the Naval Research Laboratory

and other laboratories.

Formulas used in calculations are given in Tables 23 and 24,



RESULTS AND DISCUSSION

The individual data and results of the bend tests are listed
in Tables 4 through 21 (curve types are identified in Figure 11).
Tests with obvious experimental difficulties and special notch tests
were not included in this summary. Some test conditions were
examined with as many as 20 replicates representing about 15 inches
of weld length., This coverage increased probability of finding low
values of fracture toughness.

Mean Ky, values calculated by equation 10 are shown graphically

in Figures 3 through 6 along with the coefficient of variation and
the 95 percent confidence limits for the mean. Sample size must be
considered along with the statistical spread since, obviously, a
large number of replicates improved accuracy of prediction. In com-
paring base metal and welds tested in the same direction, it will be
noted that testing necessarily was divided between two panels (see
test layout in Figure 1) but this should not have materially affected
the overall relations.

Using as a criterion the average fracture toughness at the center
of the weld it is apparent that, except for TIG welds using 110-140
amperes (little TIG) in 250 grade, the TIG welding procedures look
more promising than either MIG or short arc 1) welds. It should be
noted that other tests (for example, weld efficiency under tension
loading) are needed for fuller evaluation of a welding process.
Other procedures such as submerged arc welds remain to be evaluated.

It is of interest to compare MIG weld toughness values in
annealed plate and in plate aged before welding. Evidently there
was not much difference in effect on toughness between these pretreat-
ments in either the 250 or the 200 grades allowing for possible vari-
ability in the base metal.

A 250 grade of weld wire was used for both 250 and 200 types of
base plate because this was the only proven weld wire available at
the time. In the case of MIG welding, toughness at the weld center
was practically the same for both steel grades which suggested a
possibility of equivalent deposits of fused weld wire unaffected by

1 . . . .
( )”Short arc" is a conventional expression for shorting arc.



base metal composition. On the other hand, the TIG weld centers
showed probability of different base metal effects between the two
steel grades welded with the same 250 wire so obviously there are
other factors involved besides wire composition.

Another point of interest was the presence of occasional high
toughness areas among the generally low results for the center of
the short arc weld in 200-grade transverse tests. Conversely the
little TIG weld center, tested longitudinally in 250 grade, showed
spots of relatively low toughness.

The Gnom/GYS ratio in Tables 4 through 21 gives a separate

check on fracture toughness relations. A general objective of frac-
ture mechanics is to develop a nominal stress equal to 100 percent
of yield strength at the notch root of a natural crack, so a ratio
of one is desired for an optimum combination of strength and tough-
ness. This value of Unom/cYS was reached in many bend tests,

especially in the 200 grade steel.

A bend test will demonstrate cracking tendency resulting from
banded structure in the base metal. This condition was observed
only in the air-melted 250 grade and was variable in extent from
practically none to heavy delaminations. Actually the banding asso-
ciated with delamination has been shown to improve relative resistance
to propagation of surface type cracks crossing the plate rolling
direction but through-thickness properties may be unsatisfactory
(reference (g)). (Recent reports have indicated that the tendency
toward delamination has been practically eliminated in current
production.)

One of the objectives of this project was a comparison between
Ki. values determined by an experimental method and by a mathematical

relation. The results are shown in Figures 7 and 8. The correlation
between Ki. by equation 10 and Ky. by compliance was close to the

perfect 1:1 ratio - if anything the equation method tended to give

a slightly more conservative value. Theoretical equations also have
been proposed by Buechner, B. Gross and others and these presumably
could be evaluated by use of the data in Tables 4 through 21,

A comparison of Unom/UYS with K; by equation 10 is shown for

the two steel grades in Figures 9 and 10. Although a linear relation

was noted between KIc and Unom/UYS to high values, this has a practical

upper limitation in that the stress analysis assumed is for linear
elasticity and is not appropriate for o,,, > > oyg (reference (h)).

A number of data points were located above the principal correla-
tion zone in Figure 9. This was a real effect resulting from notch
depths which were either substantially smaller or larger than the optimum



range of 25 to 30 percent of bar depth indicated in reference (c).
This obviously shows that, at notch depths on either side of the
optimum range, the maximum nominal fiber stress at fracture in the
bend test tends to become larger at a given level of fracture tough-
ness.

The regression lines in Figures 7 through 10 should all pass
through zero as a matter of basic principle, however the data were
analyzed with a digital computer program which did not impose this
condition. Although the regression lines were established only by
actual data points, the trend toward a zero intersection is evident.

A list of calibration equations in Table 24 is presented for
record. Putting a equal to zero in these equations gives an estimate
of the compliance BO/Mo of the unnotched bar. Mean values of Bo/Mb

for the 250 and for the 200 grades of maraging steel are almost
identical - 5.19 and 5.21 (in%/1b x 10-0) - and at a probability of
0.95 there is no significant difference between them. However the
range of B /M  values is 4.92 to 5.35 for 250 grade and 5.02 to 5.43

for 200 grade. This considerable variability in spring constant of
unnotched bars shows the problem of obtaining representative calibra-
tion specimens when using only one or two bars per group to establish
a compliance relation. The variations in Bo/Mo may result from local
variations in composition or structure or from internal stresses
resulting from processing and machining. In a large group of tests,
an average compliance basis for Kic correlations appears satisfactory

but between specific test areas a variation in Bo/Mo may cause some

experimental error.

A set of typical load-deflection curves is illustrated in
Figure 11. The relative occurrence of these general groupings is
summarized in Table 25. The distribution differs between the 250
and 200 grades with the latter showing a trend toward E and F curves.

A problem arises sometimes in choosing the exact load point to
use for '"pop-in" of the fatigue crack in the bend test., 1In a low-
toughness condition the trend was toward a straight load-deflection
line ending in a sharp drop-off (curves A, B and D in Figure 1l1) or
there would be a sudden lateral shift in the load-deflection line
(curve C). With our deflection magnification (83X) a pop-in by line
shift was considered to be established by a minimum 0.0006 inch
deflection movement at nearly constant load followed by a reduced
slope of the rising load line.



Notably in 200 grade materials, the load-deflection line often
showed a gradual bend to lower slope near maximum load but without
any pop-in shift of the line (E and F curves in Figure 11). The
change in slope was believed caused mainly by slow yielding around
the crack tip to form a plastic zone. In these cases maximum load
was used in Ky  calculation along with the a value for the original

fatigue crack front. This neglected any presumably small increase

of a from slow growth in plastic zone formation. Type E and F curves
characteristically occurred with high toughness values (a wider bend
specimen, increasing restraint, should reduce the yielding effect if
desired).

Figure 12 is a chart made by Tiffany and Lorenz (reference (i))
based on Irwin's equation.

2
=Q__I_c__

a
1.21 ﬁdz

cr

The chart simplifies prediction of critical sizes of typical crack
flaws based on Ky, values. The flaw-size comparisons in Table 26

are based on K;, data for the important case of stress across the

center of a longitudinal seam weld in a motor case. The conditions
assumed were a 90 percent weld joint efficiency (¢ = 0.9 GYS) and a

flaw of semicircular shape located at the plate surface (a = ¢ in
sketch at top left of Figure 12). Corresponding critical flaw sizes
based on mean Ky. values for the four welding procedures are given

in the next to last column of Table 26. A more conservative approach
would be to use the lowest Ky. value in a series of tests. The last

column in the table gives these critical flaw sizes based on minimum
Kgc value. Depending somewhat upon location and orientation, it is

believed that crack dimensions on the order of 0.02 inch or more could
easily be detected by non-destructive inspection provided a good sur-
face finish on the motor case is achieved. 1In the table some of the
weld procedures showed a tolerance for cracks of considerably larger
dimensions (on the order of 0.1 inch). Comparing the 250 and 200 grades
of steel, it should be noted that any advantage of a larger critical
flaw size for TIG welds in the 200 grade might be partially offset

by a lower operating stress level,



Another interesting relation brought out in Table 26 is the
comparison of base metal hardness with an average of the hardness
traverse across the corresponding weld center, these values being
approximate criteria of relative strength. The average weld center
hardness was indicated to be about the same for both grades of steel
(49 to 50.5 Rockwell C). Thus weld hardness apparently was less
than base metal for the 250 grade (52 Rc) and more than the base
metal in the 200 grade (48.5 Rc).

CONCLUSIONS

At this stage of the investigation it appears that notched slow-
bend tests, carried out with a reasonable number of replicates on
3/4 inch square bars, are adequate to detect low levels of fracture
toughness in welds and base metal of the 250 and 200 grades of 18 Ni
maraging steel plate stock.

Out of four welding methods tested - MIG, short arc and two vari-
ations of TIG - the two TIG procedures showed most promise of giving
good fracture toughness properties for the critical longitudinal seam
construction in the rocket motor case.

The maximum size of flaws which can be tolerated under operating
conditions at the center of the better welds was indicated to be in
a range detectable by current non-destructive inspection methods.

A recently introduced mathematical formula for determining Kic

with the bend test was found to give results comparable to those
obtained by the experimental compliance method.
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TABLE |, LIST OF PLATES GIVING DIRECTION AND NOMINAL IDENTIFICATION CODES FOR THE FRACTURE TESTS
The test direction is given in relation fo fthe principal rolling direction of the base plate
. _Base Metal Tests Weld Tests ...
Maraging
Steel Base Metal Nominal Codes Nominal Codes
Plate Grade Heat Test Code Condition Test for Weld for Weld
Number (1000 psi) Number Direction Number Weld Type Before Weld Direction Center Tests Edge Tests
I 250 X14636 1 | Littie TIG Annealed 1l IV-AA, 1V-AC IV-AB, IV-AD
2 250 X14636 I 2 Little TIG Annealed 1 IV-BA, IV-BC 1v-BB, 1V-BD
5 250 X14636 1 5 MIG Annealed Il 1 1-AA 11-AB
6 250 X53013 [l 6 MIG Annealed 1 11-BA, 11-BC 11-8B, 11-BD
7 250 X53013 I 7 Short Arc Annealed 1 V-BA, V-BC v-BB, V-BD
8 250 X53013 1l 8 Big TIG Annealed I11-BA, 11i1-BC 111-88, 111-BD
9 250 X53013 11 9 MIG Aged 1 VI-BA, VI-BC VI1-BB, VI-BD
10 250 X53013 1 10 Big TIG Annealed H ITi-AA, 111-AC t11-AB, |I1-AD
I 250 X53013 1 11 Short Arc Annealed N V-AA, V-AC V-AB, V-AD
14 200 3960819 1 14 Little TIG Annealed N X11-AA, XII-AC X11-AB, XI1-AD
15 200 3951215 I 15 Little TIG Annealed 1 X11-BA, XI1-BC X11-8B, XIi-BD
18 200 3951217 1 18 MIG Annealed Nl XI11-AA, X111-AC X111-AB, XII{~-AD
19 200 3960819 I 19 MIG Annealed 1 XI111-BA, X111-BC X111-BB, XI[11-BD
20 200 3951215 I 20 Short Arc Annealed 1 XIV-AA, XIV-AC X1V-AB, XiV-AD
21 200 3951217 Il 21 Big TIG Annealed 1 XIV-BA, XiV-BC X1v-88, XIV-BD
22 200 3951215 Notest (22) MIG Aged L XV-BA, XV-BC Xv-BB, XV-BD
23 200 3951215 1 23 Big TIG Annealed I XV-AA, XV-AC XV~-AB, XV-AD
24 200 3951215 1 24 Short Arc Annealed I XVI-AA, XVI-AC XV[-AB, XVI-AD
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TABLE 2.

ELEMENT
Carbon
Manganese
Phosphorus
Sulfur
Silicon
Nickel

Mol ybdenum
Cobalt
Titanium
Aluminum
Copper
Zirconium
Calcium
Oxygen
Nitrogen

Hydrogen

COMPOSITIONS OF HEATS OF MARAGING STEEL USED FOR FRACTURE TOUGHNESS TESTS OF WELDMENTS

Manufacturers'! Analyses

HEAT 03850 !)
VACUUM REMELTED

HEAT 3951215 HEAT 3951217 HEAT 3960819 HEAT oss62¢ 1) 250 GRADE USED
HEAT X14636 HEAT X53015 VACUUM REMELTED VACUWM REMELTED VACUWM REMELTED VACUUM REMELTED FOR WELD WIRE

AIR MELTED 250 AIR MELTED 250 200 GRADE USED 200 GRADE USED 200 GRADE USED 250 GRADE USED IN PLATES 1,2,
GRADE USED FOR GRADE USED FOR FOR 3/4 INCH FOR 3/4 INCH FOR 3/4 INCH FOR WELD WIRE 5,6,7,9,11,14,
3/4 INCH PLATES 3/4 INCH PLATES PLATES 15,20, PLATES 18 PLATES 14 IN PLATES 8,10, 15,18,19,20,
_ 1, 2AND S5 6,7,8,9,10 AND 11 22,23 AND 24 AND 21 AND 19 21 _AND 23 22 AND 24

0.03 0,02 0.025 0.02C 0.016 0.0l 0.0l

0.06 0.02 0.09 0.09 0,07 0,03 0.03

0.005 0.006 0,007 0,007 0.007 0,002 0.002

0.0l10 0.009 0.006 0,006 0,007 0,005 0.005

0.10 0,04 0,05 0,04 0.06 0.0l 0,03

18,37 17.59 18,35 18.35 18.35 18.12 18.10

4,70 4.80 4.07 4,05 3.98 4,70 4,52

8.49 8.06 7.55 7,50 7.50 8.1l 8.00

0.42 0,49 0.19 0.19 0.20 0.48 0,46

0.13 0,07 .13 0.l4 0.13 0.1 0.10

-—- 0.12 -—= --- -—= -— -

-—- ——- - --- -—- 0.02 0.015

-— -—- - --- - 0,02 0.02 added

-—- ——- -— m— -—- 10.0 ppm 12,0 ppm

-—- -— -—- -— -—= 13,0 ppm 16.0 ppm

-—- -— -— - - 1.0 ppm 1.0 ppm

(1) These analyses were furnished by Excelco Developments Inc, on 9 Sept 1964
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TABLE 3, MECHANICAL PROPERTIES OF MARAGING STEEL PLATES 3/4 INCH THICK USED FOR FRACTURE TOUGHNESS TESTS

Aged properties (915°F - 4 hrs) measured in typical base material of each
heat by the Naval Research Laboratory

Test Direction Yield Strength Ultimate Tensile Elongation Reduction
Related to Plate at 0.2% Offset Strength in 2 in, of Area Hardness
Heat Number Rolling Direction (psi) (psi) () (%) Rc

X 14636 1 263,000 272,000 4.0 30
50 - 53

1 248,000 259,000 4.6 33

X53013 I 258,000 265,000 4,7 35
50 - 55

1 268,000 275,000 4.0 27

3951215 | 225,000 233,000 12 52
48 - 49

1 228,000 236,000 12 53

3951217 Il 230,000 234,000 13 53
48 -~ 49

1 225,000 235,000 12 45

3960819 I 233,000 238,000 13 56
48 - 49

1 229,000 235,000 13 55



TABLE 4. FRACTURE TOUGHNESS TESTS OF PLATE NO, [, 250 KS) GRADE OF MARAGING STEEL, LITTLE TIG WELD,
Base Metal: 18 Ni(250) maraging steel plate 3/4 inch thick, heat No. X14636, air melted. MII|| annealed, aged after welding-9!5°F, 4 hrs, air cool,
yleld strengths: 263,000 psi i1 to R.D.; 248,000 psi | to R.D,
Weld: Tig waid (110-140 amps) by Excelco Developments {nc.,
Notch Condition: Machined Y-notch extendesd by fatigua crack, ali notches parallel to plate surface.
Test Conditions: Bar bending iength was 6.00 inches, tests were conducted at room temperature.

Bar Length Yisual g Effective g_

Related B d P/B Fatigue Kie B/M fromIYs/2 Kie by Type of
to Plate Bar Bar Unit Load Notch by NRL Raciprocal of Comp 1 {ance Campiiance Load~
Rolling Notch Width Depth at Pop-in) Depth Equation 10 S nom Spring Cons+gn1‘ Curve Method Def laction
Bar No. Direction tocation  (In)  (in) ¢lb=in) (in) £1000 psNTH) Svs ¢in2/1b)(107°%) um) 1000 psivin} Curve
-1 A BM 751 -749 6,990 .16 83.5 .73 5.88 . 165 94.0 A
-2 A BM .748 .750 6,820 .15 78.0 .69 5.86 . 165 92,0 A
-3 A BM .750 .751 7,290 .14 79.5 .71 5.68 . 150 92.5 ]
-4 y : ] .750 .751 7,430 12 74.0 .68 5,57 . 140 90.5 A
-5 J BM . 749 .750 7,140 .4 78,0 .70 5.81 . 160 94.5 A-
I- 6 A BM .750 -750 6,070 .15 69.5 .61 5.95 170 83.0 c
-7 1 BM .750 .750 7,000 .5 80.0 .71 5.79 . 160 92,5 c
-8 ) e . 749 <750 6,940 .14 76.0 .68 5.93 . 170 95.0 B
-9 ] =] . 749 .750 7,080 A3 74,5 .67 5.75 . 155 91.5 A
1-10 ] BM .749 .751 6,680 .14 73.0 65 5.86 . 165 90.0 A
=11 ) BM 751 750 7,350 13 77.0 .69 5,61 . 145 92,0 A
I-12 i BM .751 .750 6,950 .15 79.5 .70 5.87 . 165 93.5 A
1-13 ] BM . 750 .750 6,930 .13 73.0 .65 5.62 . 145 86.5 A
I-14 ] BM .749 .748 6,880 .14 75.5 .67 5.68 150 87.0 A
1-17 =] .749 . 751 6,580 Nk 75.0 .66 5.89 . 170 90.5 [+
t-18 ] BM 751 .152 6,920 .14 75.5 .67 5.79 . 160 91.5 c
I-19 A B .750 . 750 7,470 .14 82.0 .13 5.77 .160 99.0 B
1-20 d BM . 150 . 750 7,000 L4 76.5 .68 5.78 . 160 92.5 A
1-21 1 BM .750 .750 7,440 A3 78,0 .70 5.60 145 93.0 A
1-22 1 BM . 750 . 750 6,930 .4 76.0 .68 5.66 . 150 87,5 c
1-25 1 BM .750 .751 7,000 .13 73.5 .66 5.44 . 140 85.0 A
i-26 1 BM 751 .750 6,280 15 71.5 .63 5.7 155 81.5 A
1-27 1 BM .750 . 750 7,270 .14 79.5 T 5.63 . 145 91.0 A
1-28 1 BM .750 .750 7,270 13 76.0 .69 5.58 . 140 B88.5 c
1-29 i BM .751 .751 7,190 W13 75.0 .68 5.42 25 ¥2.0 A
1-30 1 BM .751 .749 7,000 k) 3.5 .06 5.55 . 140 85,0 A
Statistics of K|c values (Eq. 10): Mean - 76,27, c,v.-.042, 95% conf, limits: 75.0 - 77.6, 408 cunt. Limits: 75.2 - 77.4.
1V-AA- 1 " CW .750 . 750 7,760 L5 88.5 .74 6.00 8
IV-AA- 2 I o] . 746 . 748 7,610 .13 0.5 .08 5.86 c
IV-AA- 3 Nl (o] .750 .750 7,360 .16 87.5 .72 6.09 A
1V-AA- 4 1 CH 749 .751 7,980 .15 91.0 .76 5.97 c
1V-AA- 5 t e} L7518 .750 4,660 .16 103.0 .85 5.43 F
IV-AA- 6 1 o] .746 . 748 8,450 .14 95.5 .78 6,30 F
IV-AA- 7 1 (o] .751 751 6,250 .20 56,0 .70 6.70 F
1V-AA- 8 b Cw .749 .151 7,900 .15 90.0 L7y 6.07 ¢
1V-AA- 9 3l Cw 750 L7501 5,870 Lo 70.0 .58 6.30 F
1V-AA-10 [ =] .750 .750 6,510 L1y 74.0 .62 6,03 o
IV-AA-11 1 CW .750 .750 5,270 L5 0,0 .50 [ -] F
IV-AA-12 I8l o] 750 . 750 7,440 b 85,5 L7 6,12 F
1V-AA-13 1 o] 751 .749 6,460 Sy /4,0 .62 6.18 -
IV-AA-14 1 o] 749 . 751 7,080 15 40.5 W7 5,47 -
1V-AA-15 ] o] L7510 . 750 6,630 RE 75.5 .65 6.02 D
IV-AA-16 H o] L7151 . 751 5,390 .10 04,0 .93 6,14 -
IV-AA-17 1] on .749 751 7,080 Ay 1.5 .74 6,48 F
IV-AA-18 1 CW .749 ET 8,010 L6 5.5 Y 6,12 -
1IV-AA- 19 11 ] .751 L7151 7,590 L7 u5.5 L7 6.24 F
1¥-AA-20 (K1 W 751 L7510 6,660 16 79.0 .09 .02 F
1¥-AA-2] 1 cw .746 .746 7,000 .19 94,5 .77 .55 F
Statistics of Kjc values (Eq. 10): Mean - 835.67, c.v.-. 133, 9% conf, limits: 78,06 - 38,7, 40% cont, Limits: /9,
IV-AD- 4 h FZ .150 . 750 7,970 L9 107.0 .87 .57 3]
IV-AD- 5 1 FZ . 751 .748 8,120 .16 97.5 .84 4.0l 8
IV-AD- & " F2 . 749 . 749 8,170 17 102, 0 .83 0. 05 F
1V-AD~ 7 1 FZ .750 .750 8,160 .19 109.0 .89 .34 c
1V-AD- 8 1 FZ .751 .751 7,920 .15 20,0 .15 5.79 €
IV-AD- 9 i FZ .750 . 748 8,680 .16 104.5 .86 .94 c
IV-AD- 10 [Nl FZ . 749 L751 7,740 .6 92.0 76 5.95 “-- == c
Statistics of K|c values (Eq. 10): Mean - 100,29, c.v.-.073, 95% conf. limits: 95.5 - 107.1, 90% conf. limits: 4,9 - 105.7,
IV-AC- 4 " HAZ . 750 .751 7,790 7 96.0 .79 5.95 --- - B
I¥-AC- 5 ] HAZ .750 .751 6,130 .16 73.0 .60 5.99 --- --- c
IV-AC- 6 1 HAZ .748 .751 7,010 .15 80.0 .06 6.06 ¢
Iv-AB- 9 I HAZ .749 .750 9,280 .14 101.5 .85 5.90 c
IV-AB-10 N HAZ 150 .750 8,070 .14 88.5 .74 5.92 A
IV-AB-11 I HAZ . 750 . 749 7,470 .14 82.0 .69 5.82 A
1v-AB-12 I HAZ .750 . 749 7,470 .14 82.0 .69 5.87 c
{V=-AB-13 1 HAZ .748 . 749 2,060 A5 103.5 .86 6,03 c
IV-AB-14 I HAZ . 749 .750 9,350 .14 102.5 .86 5.91 A
IV-AB-15 1 HAZ .750 . 750 10,400 .14 114.0 .96 5.77 A
IV-AB-16 " HAZ .750 .749 9,670 .14 106.0 .89 5.81 c
IV-AB-17 1 HAZ .151 .750 8,660 .16 103.0 .85 6.09 A
1v¥-AB-18 1 HAZ 751 749 7,670 .16 92.0 .76 6.09 --- - c
Statistics of Kjc values (Eq. 10}: Mean - 94.15, c.v.~.130, 95% cont. limits: 86.7 ~ 101.6, 90% conf, limits: 88.1 - 100.2.
IV-AC- 7 H DB .750 .751 6,800 07 83.5 .68 6.19 - c
IV-AC~ B I [o]:] 750 . 750 6,000 7 74,5 .61 6,02 - €
IV-AC- 9 1" [2]:] .750 .752 7,230 .5 82.0 .68 5.81 - B
Iv-AB- | I o] .749 .750 7,890 .10 90,0 .75 5.90 - A
IV-AB- 2 1 0B .750 .750 9,530 .08 99.5 .85 5.76 - A
IV-AB- 3 1 [o]:] . 749 .751 9,430 L2 116,0 .95 6,12 - c
(¥-AB- 4 [§] [o]:] .749 . 750 7,880 .08 82.5 .70 5.76 - c
I¥-AB- 5 1 B . 749 750 8,910 .09 97.5 .82 5.85 - A
IV-AB- 6 H oe .748 .750 10, 160 .075 106.0 .90 5.75 - A
IV-AB- 7 I [2:] 750 .750 6,970 N 83.0 .68 6.04 - A
IV-AB- 8 n D8 . 750 . 750 8,930 .08 102,0 .85 5.78 - A
|v-AB-19 1 0B L7150 .751 8,670 .14 94,5 .79 5.75 - c
Iv-AB-20 11 o8 .750 . 750 8,030 .15 91.5 .76 5.90 - - c

Statistics of Kic values (Eq. 10): Mean - 92.50, c.v.-.125, 95% conf. limits: 85,5 - 99.5, 90% conf. limits: 86.8 - 98.2,
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TABLE 5. FRACTURE TOUGHNESS TESTS OF PLATE NO, 2, 250 KS| GRADE OF MARAGING STEEL, LITTLE TIG WELD.

Base Metal: 18 Ni{250) maraging steel plate 3/4 inch thick, heat No. X14636, air melted. Mill annealed, aged after welding-2!5°F, 4 hrs, air cool,
yield strengths: 263,000 psi |l to R,D.; 248,000 psi | to R.D.
Weld: Tig Weld (110-140 amps) by Excelco Developments Inc,
Notch Condition: Machined V-notch extended by fatigue crack, all notches parailel to plate surface.
Test Conditions: Bar bending length was 6,00 inches, tests were conducted at room temperature.

Bar Langth Visual a Etfective g
Related 8 d P/8 Fatigue Kie B/M from&Ys/2 Kic by Type of
to Plate Bar Bar Unit Load Notch by NRL Snom Reciprocal of Compliance Comp | iance Load-
Rolling Notch Width Depth at Pop-in Depth Equation 10 Spring Cons'rgnf Curve Method Def lection
Bar No. Direction Location Cin) (in) (1b-in) (in) 1000 psifTn) ays (in/1b)(107°) (in) (1000 psifin) Curve
2- ] 1 M .751 -750 12,450 .06 84,0 .92 5.33 B8
2-2 i BM .750 .750 12,800 .05 78.5 .89 5,28 B
2- 4 n BM 747 .750 10,840 .07 80.0 .80 5.30 B
2-5 I BM 2751 . 749 14,780 .05 a1.0 1,03 5.19 D
2-7 I BM . 750 .748 12,530 .06 85.0 .9l 5.33 o}
2-8 I BM .748 .750 13,290 .05 81.5 .93 5.19 <]
2-10 I BM .750 .748 14,080 .05 87.0 .99 5.25 B8
2-11 I BM .750 .749 11,970 .07 88.5 .89 5.34 B
2-12 1 BM 750 .750 13,730 .05 84,5 .96 5.23 ]
2-14 Nl BM . 750 . 749 11,090 .07 82.0 .82 5.55 8
2-15 N} BM . 750 .749 11,070 .08 88,0 .85 5.24 A
2-16 Nl BM .750 . 750 12,190 .07 90.0 .90 5.36 B
2-17 1 BM .751 .751 11,720 .07 B86.5 .86 5,41 B
2-18 [N] BM .751 .750 9,990 .08 79.5 .76 5.41 A
2-20 3l BM .751 . 751 6,100 .20 84,5 .69 6,49 o
2-21 I BM . 750 .750 7,130 .16 85.0 .70 5.90 A
2-22 [Nl BM .751 L7510 6,980 W37 86.0 .71 6.12 A
2-23 N BM .751 .750 7,660 .15 87.5 .73 5,07 A
2-24 i M .752 751 7,180 .15 82.0 .68 5.48 c
2-25 1 BM L7510 -750 11,000 .07 81,5 .8t 5,50 B
2-27 1 BM . 750 .750 12,190 .05 75.0 .85 5.25 B
2-28 it aM .751 .750 7,940 .14 a7.0 .73 5.99 B
2-29 il BM .750 L7150 13,120 .05 H40.5 .92 S.18 o}
2-30 I BM .749 .750 1,540 .07 85.5 .93 5,27 - B
Statistics of K. values (Eq. 10): Mean - 84,19, c.v. - ,046, 95% conf. limits: 82.¢ - 85,8, 20F conf, limits: 82.8 - 85.5,
1V-BA- | 1 Cw . 749 L7151 5,410 L7 06.5 .58 5.90 c
tV-BA- 2 | W .750 . 750 4,800 .16 57.0 .50 6.08 D
IV-BA- 3 1 W .750 .750 5,930 16 71,0 .62 6.01 [
IV-BA- 4 1 (=] . 750 .750 5,330 .15 6.0 L4 5.90 o
IV-BA~ 5 ] Cw .750 .750 5,530 17 08,0 .60 6.01 A
IV-BA- 6 1 [ .750 . 749 4,480 .18 28.0 .50 ¢.,40 [
I¥-BA- 7 ] [0} 751 .751 5,510 .14 60,0 ) 5.77 o
I¥-BA- B 1 CW L7351 . 750 5,910 A5 67.5 .60 b.8d A
1¥-BA- 9 1 o . 750 .751 7,270 Bt 79. T 5.74 F
IV-8A-10 d Cw ,751 750 6,190 L4 67.5 GO 5.80 F
IV-BA-11 1 o] .750 .751 6,470 o 17.0 .67 5,99 F
IV-BA-12 1 CH . 750 .751 7,200 15 $52.0 72 627 F
IV-BA-13 4 CH -750 . 750 6,230 .18 B0.5 .70 L.45 F
1¥-BA-14 1 CW . 750 . 749 5,400 .14 Y9, 0 .55 DLl E
1V-BA- 15 ] Cw .750 .750 6,800 .10 H1.0 L7 Gl F
IV-BA-16 ] CW 2751 . 750 6,580 .15 75.0 66 0,00 D
IV-BA-17 1 CW -751 .751 5,730 .16 8.0 .00 .03 E
IV-BA-18 i Cw .751 <750 6,070 G 72,9 N .0k C
|V-BA- 19 1 CH L7510 .71 6,600 . 160 79.0 .09 0,38 F
1¥-BA-20 1 Cw .750 -731 6,470 170 73.5 .70 PRI - [+
1v-8C- | 1 Cw <751 .750 8,390 W07 62,0 .00 5.52 [}
1M-BC- 2 1l o2} .751 . 749 10,520 .00 71.5 B0 5.21 D
Iv-BC- 3 1 Cw .751 .750 2,790 .06 06.5 .75 5.04 D
1v-BC- 4 1 CW L7531 L7531 9,480 .06 04,0 .12 .05 - --- D
|v-BC- 5 1 Cw .749 .750 8,890 .07 65.5 .10 5.07 - --- B
IV-BC-10 1 Cw .750 .750 6,530 .15 75.5 .00 6.20 - --- F
Statistics of K|¢ values (Eq. 10): Mean ~ 69,77, c.v. - .112, 5% conf. lLimits: 66.6 - 72.9, 0% conf. limits: 67.2 - 72,4,
1v-BB- 18 1 FZ .749 751 6,480 17 79.5 .70 PRy --- A
IV-8D- 4 1 Fz 751 .750 6,750 .15 77.0 .68 .07 --- A
IV-BD- 5 1 FZ .750 -751 7,600 .05 ue.5 .70 5.79 D
IV-BD- 6 1 FZ -751 . 750 6,600 .15 75.5 .67 5,50 [
IV-BD- 7 1 FZ 751 .750 6,150 .19 82.5 .70 .28 c
I¥-BD- 8 1 FZ .750 751 7,830 A5 89.0 .79 5.00 --- Fol
IV-BD- 9 1 FZ -751 . 750 7,140 .15 8i.5 .72 5.80 --= --- -
1¥-BD- 10 1 FZ . 750 .750 6,530 5 74.5 .66 6.20 == ===
Statistics of Kjc values (Eq. 10): Mean - 80.75, c.v. - .064, 95% conf. limits: 76.4 - 85,1, 90% conf, limits: 77.5 - 4.2,
IV-BB- 8 1 HAZ .750 . 749 6,800 .18 88.0 ) 6.05 A
IV-BB~ 9 1 HAZ 2751 L7518 5,190 .18 7.0 .58 6.26 C
iv-BB-10 1 HAZ .750 .750 5,750 17 71,0 .62 6.0l i [}
1v-88-11 1 HAZ .750 . 750 5,200 A5 59.5 .52 5.84 A
Iv-BB-12 1 HAZ .750 .751 5,470 .19 753.0 .03 5.86 [
1v-8B-13 1 HAZ 2751 .750 8,190 .14 89.5 .80 5.69 D
1v-BB-14 1 HAZ . 749 . 747 4,490 .19 60.5 .53 6.26 [o3
IV-BB-15 1 HAZ .750 .750 6,670 15 76,0 .67 5.96 A
1¥-BB-16 1 HAZ L7151 .751 7,500 .15 85.5 .75 5.75 B
1¥-BB-17 1 HAZ .749 .750 6,140 17 76.5 .66 5.82 A
1v-gB-19 1 HAZ .751 L7510 5,860 . 170 72,0 .63 612 === --= A
Statistics of K|¢ values (Eq. 10): Mean - 74.41, c.v. - .137, 95% conf. limits: 67.6 - 81.2, 0% cont. limits: €8.2 - 50.0.
|v-e8- 1| 1 0B <750 .750 5,440 .15 62.0 .55 6.02 A
1¥-BB- 2 1 [o/:] .750 .751 5,010 7 61.5 .54 6.00 (o3
Iv-88- 3 1 DB .751 L7518 5,020 .16 59.5 .52 5.23 c
1V-BB- 4 1l o8 .751 .750 5,330 .16 63.5 .56 6,02 c
1v-8B- 5 1 08 .751 . 750 6,680 .5 76.0 .67 5.83 B
1v-BB- 6 1l o8 .750 .750 6,880 i3 72.0 .65 5.70 8
|v-eB- 7 1 o8B .749 .749 6,010 i) 72.0 .63 5.91 A
1¥-BB-20 1 DB .751 .749 6,580 . 130 69.0 .62 5.71 --- --- B
Statistics of Kjc values (Eq. 10): Mean - 66.94, c.v. - .09, 95% conf. limits: 61.9 - 72,0, 90% conf. limits: 62.9 - 71.0.
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TABLE 6. FRACTURE TOUGHNESS TESTS OF PLATE NO, 5, 250 KS| GRADE OF MARAGING STEEL, MIG WELD.

Base Metal: 18 Ni(250) maraging steel plate 3/4 inch fhick, heat No. X14636, air melted. Mill annealed, aged after welding-9i5°F, 4 hrs, air cool,
yield strengths: 263,000 psi || to R, D.; 248,000 psi | to R.D.
Weld: Mig weld by Excelco Developments Inc,
Notch Condition: Machined V-notch exfended by fatigue crack, all notches parallel to plate surface.
Test Conditions: Bar bending length was 6,00 inches, tests were conducted at room temperature.

Bar Length Visual a Effective a
Related B d P/B Fatigue Kic B/M trom9Ys/2 Kic by Type of
fo Plate Bar Bar Unit Load Notch by NRL g Reciprocal of Comp |l iance Comp |l iance Load-
Rolling Notch Width Depth at Pop-in Depth Equation 10 nom Spring Constant Curve Method Def lection
Bar No. Direction  Location  (in) (in) (1b-in) (in) (1000 psifim) S  (in2/Ib)(10°6) (in) (1000 psiTin)  Curve
5- 1 1 BM .749 . 749 10,230 .07 75.5 .80 4.95 - -— c
5- 4 1 BM 751 .750 11,150 .07 82.0 .88 4,89 - - D
5- 5 1 BM .750 .750 11,150 .07 82.0 .88 4,87 — — )
5- 8 1 BM .750 . 749 10,920 .06 74.0 .83 4,98 --- -—- D
5-11 1 BM .750 .751 7,870 13 82.0 .74 5.48 - ——- ¢
5-12 1 BM 749 .750 7,560 4 83.0 .74 5.46 -— -— B
5-13 1 BM .750 .750 7,330 .4 80.5 .72 5.58 --- - c
5-14 1 BM 749 .750 7,610 L3 79.5 .72 5.36 -— — c
5-16 1 BM .750 .750 6,330 .14 69.5 .62 5.57 - -— c
5-17 1 BM 751 746 6,790 13 72.0 .65 5.44 - — c
5-18 1 BM .750 .751 6,880 .14 75.0 .67 5.42 -— - c
5-19 1 BM 751 .751 6,920 .15 79.0 .69 5,79 - — B
5-20 1 BM 751 .749 7,260 .14 79.5 .71 5.52 - — ¢
5-21 1 BM .750 .751 7,330 L4 80.0 71 5.50 —— — 8
5-22 1 BM .750 .751 7,410 13 77.0 .70 5,42 - —-- ¢
5-23 1 BM .751 .751 7,320 .14 79.5 .71 5.55 --- - F
5-24 1 BM .750 .751 6,830 .13 71.0 .64 5.45 - - ¢
5-25 1 BM 749 .750 7,280 .14 79.5 L7 5.48 --- - c
Statistics of K¢ values (Eq. 10): Mean - 77.81, c.v. - .052, 95% conf. limits: 75.7 - 79.8, 90% conf, limits: 76.1 - 79.5,
11-AA- | 1 oW .750 . 750 6,560 .14 72.0 .60 5.80 --- --- D
11-AA- 4 1 oW 749 . 749 6,810 L3 71.5 .61 5.80 - ——- D
11-AA- 6 1 o} .750 .750 6,750 13 70.5 .60 5.66 —- e D
11-AA- 7 1 oW .749 .750 5,870 ar 4.5 .54 5.74 - - c
11-AA- 8 1 W .750 .750 8,200 13 85.5 .73 5.58 -—- - D
11-AA-10 1 o .750 751 7,150 .12 71.0 .61 5.47 -— -—- D
11-AA-11 1 CH .750 .750 7,570 12 75.5 .65 5,55 -— -— D
11-AA=13 I cw .750 .751 7,010 .5 80.0 .66 5.66 - - F
11-AA-16 1 oH 751 751 6,830 .13 71.0 .60 5,52 - --- D
Statistics of K|c values (Eq. 10): Mean - 73,50, c.v. - ,083, 95% conf. limits: 68.8 - 78,2, 90% conf, limits: 69,7 - 77.3.
11-AB~ 5 It HAZ .750 .751 9,770 .15 115.0 .93 5.76 - == F
11-AB-15 1 HAZ .751 .750 9,120 .15 104.0 .87 5.64 - - F
11-AB- 16 1 HAZ .750 .750 8,800 .15 100.5 .84 5.79 -— -—- £
11-AB-17 1 HAZ .750 .750 10,300 .14 113.0 .95 5.70 --- - F
11-AB-18 1 HAZ .750 .750 9,590 14 105.0 .88 5.63 --- - B
11-AB- 19 1 HAZ .750 .750 9,470 N 108.0 .90 5.74 --- -—- F
11-AB-20 1 HAZ .749 .751 9,420 .14 102.5 .86 5.61 - -— F
Statistics of Kjc values (Eq. 10): Mean - 106.86, c.v. - .051, 95% conf. limits: 101.8 - 111.9, 90% conf. limits: 102.9 - 110.8,
11-AB- 2 1 DB .750 .751 8,130 .16 97.0 .80 5.78 - - A
11-AB-12 1 DB 750 749 7,300 .16 87.0 .72 5,97 --- - E
11-AB-13 I DB .750 .750 9,730 .5 111.0 .92 5,74 -— - F

Statistic of K|c values (Eq., 10): Mean - 98.33



TABLE 7. FRACTURE TOUGHNESS TESTS OF PLATE MO, 6, 250 KSI GRADE OF MARAGING STEEL, MIG WELD.

Base Metal: 1B Ni(250) maraging steel plate 3/4 inch thick, heat No. X53013, air melted. MIi| annealed, aged after welding-915°F, 4 hrs, air cooi,
yleld strengths: 260,000 psi Il to R,D,; 254,000 psl [ to R.D.
Weld: Mig weld by Excelco Developments |Inc,
Notch Conditidn: Machlined V-notch extended by fatigue crack, all notches parallel to plate surface,

Test Conditions: Bar bending length was 6,00 inches, tests were conducted at room temperature.

Bar tength Visual 3 Effactive a
Related B d P/B Fatigue Kje B8/M tromdYs/Z Kic by Type of
to Plate Bar Bar Unlt Load Notch by NRL Reciprocal of Camp | fance Compliance Load-
Rolling Notch Width Depth at Pop=in Depth Equation_{ &'nem Spring Constant Curve Method Deflection
Bar Mo, Direction  Location  (in) ¢in) ¢b-in) (n) 1000 psflin) FYs ¢1a2/163010°6) (413 1000 psTim) Curve
6- 1 1 BM .750 .750 14,080 .070 103,5 1.06 5.19 D
6~ 2 I BM . 750 . 750 12,230 .07 90.0 .92 5.10 D
6- 3 H B .750 .750 8,110 . 145 90,5 77 5,73 A
6~ 4 11 BM L7510 .750 7,240 165 73.0 .73 6.00 A
6- & I BM .749 .750 14,130 .07 04,0 1.06 5.21 0
6= 7 1} BM .750 .750 7,330 140 60,5 .68 5.87 B
6- 9 I BM . 750 .750 13,760 .07 101.0 1.03 5.17 D
6-10 I BM L7151 .750 7,390 . 150 84.5 W71 5.85 c
=11 I BM .750 .750 8,370 . 140 1.5 .78 5.70 D
6-12 I M 749 .751 7,900 .15 90.0 .76 5.89 B
6-13 i & 750 .750 7,290 .16 87.0 .72 5.94 B
6-14 I BM 749 .750 7,720 .5 88.0 .74 5.83 B
6-15 i BM .150 .750 8,110 A5 92,5 .78 5.86 D
6-16 I BM .750 .751 7,090 .6 B4.5 .70 5.89 c
6-17 I BM .748 .751 7,420 .5 84,5 2 5.77 D
6-18 I BM 749 .750 6.860 .8 88.5 W73 6.14 B8
6-19 N BM .750 .750 6,930 .18 89,5 .74 6,06 1]
6-20 I BM .750 .750 7,810 .15 89,0 .75 5.85 B
6-21 1 8M .748 750 7,650 .14 84,0 .71 5.68 B
6-22 13} B .749 .750 7,540 .15 86,0 .73 5.89 c
6-23 I 8M .750 .750 7,320 .15 83.5 .70 5.74 B
6-24 1 BM . 750 .751 6,930 A7 85.5 .71 5.85 F
6-25 i BM .750 L7510 7,790 .45 87.0 .75 5.79 D
6-26 I BM .751 750 7,780 . 140 85.0 .72 5.69 [h]
6-27 H BM 750 .750 7,680 . 140 84,0 71 5.77 F
6-28 M BM .751 .750 8,520 . 125 87.0 .75 5.49 D
6-29 [} M .751 .750 7,890 L35 845 .72 5.60 F
6-30 I BM .750 . 750 8,240 L1135 88,5 .75 5.50 ]
Statistics of Kjc values (Eq. 10): Mean - B8.64, c.v. - .065, 95§ conf, limits: 86,4 - 90,9, 90% conf. limits: 86.8 - 90,5,
11-BA- | 1 W .750 750 6,130 PR}-] 70.0 .60 5.62 === D
tI-BA- 2 1 CW .750 .750 6,480 .05 74.0 .64 5.70 - ]
I 1-BA- 3 1 CW .750 L751 5,470 15 62,5 .54 5,69 ~ )]
| 1-BA- 4 1 CW L7510 751 3,930 .20 54,5 .46 6,72 ~ F
11-BA- 5 1 W 751 .750 6,420 L 70.3 .61 5.65 - [+
11-BA- 6 1 CW .751 750 5,530 W5 63.0 .54 5.82 ~ D
11-BA- 7 1 e} .751 750 6,420 L4 70.5 .61 5,68 ~ A
11-BA- 8 1 W 751 .749 6,520 L4 71.5 .62 5.54 ~ D
11-BA- 9 1 CW .751 .750 5,860 .5 67.0 .58 5.73 - D
11-BA-10 1 v ] .751 .750 8,340 3 87.0 .77 5.57 - D
tI-BA-11 1 o ] .750 751 6,790 .14 74,0 .64 5.43 ~ F
i1-BA-12 1 CW .75 751 8,310 43 86.5 .76 5.55 h [s)
11-BA-13 1 CW .750 751 7,390 L[5 B84.0 .72 5.64 - D
11-BA-14 1 CW . 750 . 750 7,570 .14 83.0 .72 5.01 - F
11-BA-15 1 CW . 750 750 7,150 15 8.5 .70 5.81 - --- F
11-BA-16 1 CW .750 . 750 7,170 .14 78.5 .68 5.45 - F
L1-BA-17 1 o] .750 . 751 8,160 L3 85.0 .75 5.47 - F
I'1-BA-18 1 CW . 750 . 751 6,810 LY 74,0 .65 5.50 - c
I1-BA-1% 1 [ . 750 L751 6,830 3 71.0 .63 5.50 -~ B
I 1-BA-20 1 [o.] . 750 . 750 5,470 . 150 62.5 .54 5.84 - 1]
11-8C- 3 1 o) L 751 .750 8,920 .055 57.5 .65 5.00 - D
i1-8Cc- 4 1 CH .750 .751 10,610 .050 65.5 .77 5.20 - D
1-ec- 5 1 W . 750 .75 8,030 . 065 56.5 .60 5.05 = ik o]
Statistics of K|¢ values (Eq. 10): Mean - 71.73, c.v. - .136, 958 cont, limits: 67.5 - 76.0, 20 conf. limits: 68,2 - 75,2,
11-8C- 6 1 FZ .750 751 6,560 . 130 68.5 .60 5.49 c
I1-BC- 7 1 FZ L751 .750 9,610 . 140 105.0 .92 5.67 D
11-BC- 8 1 FZ .750 L7151 6,550 .85 85.5 .72 6.06 D
I1-BC- 9 1 FZ . 750 .749 7,010 L 135 75.5 .66 5.51 C
I1-BD- & 1 FZ 751 .750 6,440 . 165 78.5 .67 6.01 F
11-8D- 7 1 FZ . 750 .751 7,360 125 75.0 .67 5.48 B
11-8D- 8 1 FZ .751 -750 9,510 . 140 104.0 .91 5.67 F
11-80- 9 1 FZ .750 .751 7,530 165 91.5 .78 5.70 F
11-8D-10 1 FZ L 751 . 751 7,120 .20 71.0 .63 5.31 - --- B
Statistics of Kj¢ values (Eq. 10): Mean - B83.83, c.v. - .163, 95% conf, limits: 73,3 - 94.3, 90% conf, limits: 75.4 - 92,3,
Li-e8- 2 1 HAZ .750 .750 8,670 A3 90.5 .80 5.51 il F
11-B8- 3 ] HAZ .749 749 8,010 .15 31.5 79 5.54 F
11-88- 4 B! HAZ L751 .750 8,500 .4 93.0 .81 5.53 D
I1-e8- 5 ] HAZ .750 751 8,600 p-] 89.5 .79 5.40 F
11-BB- 6 d HAZ .750 .750 9,760 A3 102.0 .90 5.47 D
1i-es- 7 d HAZ . 750 .750 8,510 .14 93.0 .81 5.44 F
11-8B-13 1 HAZ 749 . 750 8,170 .15 93.0 .80 5.70 D
11-BB-12 A HAZ .750 751 8,440 L4 92.0 .80 5.44 o]
11-88-15 i HAZ . 749 .751 8,940 .14 98.0 .85 5.50 F
11-BB-16 1 HAZ . 749 . 749 8,030 .14 88.0 .77 5.56 c
1i-88-17 ] HAZ .749 L751 8,760 .15 100.0 .86 5.50 D
t1-BB-18 1l HAZ .750 750 9,120 .4 100.0 .87 5.55 o
11-BD- 3 N HAZ .751 . 750 12,950 . 065 al.5 .98 5.11 === il o
11-8D- 4 ] HAZ .750 .751 13,300 . 060 89.5 .99 4.96 —-- --- D
11-BD- 5 ] HAZ .750 . 750 13,150 - 060 88.5 .98 5.15 - --== o
Statistics of K|c values (Eq. 10): Mean - 93.33, c.v. - .048, 95¢ conf, limits: 90.8 - 95.8, 90% conf. limits: 9!
1i-88- | i o8 .750 . 750 8,830 L4 97.0 .B4 5,45 D
11-BB- 8 A o8 .750 .750 7,170 .14 78.5 .68 5.73 D
i1-8B- 9 1 08 .750 .750 7,200 .15 82.0 W71 5.63 D
11-BB-10 d oe 750 750 7,070 4 77.5 .67 5.67 ]
ri-es-1i 1 oB .749 750 8,970 .14 98.0 .85 5.58 D
I1-B8-12 1 [ol:] .749 .750 8,100 16 96.5 .82 5.62 D
| 1-BB~19 1 oB .749 .749 7,880 .15 90.0 .78 5.53 F
I1-88-20 1 ol:] . 749 750 7,880 .15 90.0 .78 5.66 === - D

Statistics of Kjc values (EQ. 0): Mean - 89.6), c.v. - .093, 95% conf. limits: 83.2 - 96.0, 90% conf. limits: 84.5 - 94.8.
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TABLE 8. FRACTURE TOUGHNESS TESTS OF PLATE NO. 7, 250 KS| GRADE OF MARAGING STEEL, SHORT ARC WELD,
Base Metal: 18 Ni{250) maraging steel plate 3/4 inch thick, heat No. X53013, air melted. Mill annealed, aged after welding-915°F, 4 hrs, air cool,
yield strengths: 260,000 psi || to R, D.; 254,000 psi | to R.D,
Weld: Short arc weld by Excelco Developments Inc,
Notch Condition: Machined V-notch extended by fatigue crack, all notches parallel to plate surface.
Test Conditions: Bar bending length was 6.00 inches, tests were conducted at room temperature.
Bar ‘Length Visual a Effective a
Related B d P/B Fatigue Kic 8/M trom®Y§/2 Kie by Type of
to Plate Bar Bar Unit Load Notch by NRL Reciprocal of Compliance Comp | iance Load-
Rolling Notch Width Depth at Pop-in Depth Equation 10 S nom Spring Constant Curve Method Def lection
Bar No. Direction  Location  (in) (in) (ib-in) (in) (1600 psifin) CED (in?/16)(107°) (in) (1000 psifin) Curve
7~ 1 Il BM . 750 .750 8,530 . 145 95.5 .81 5.86 . 140 99.0 B
7~ 5 I BM .750 L751 7,840 . 150 89.5 .75 5.76 . 130 87.0 =]
7- 8 Lt BM L7151 L751 7,830 . 145 87.5 .74 5.67 .120 82.5 F
7~12 i BM .750 . 750 7,730 . 145 86.0 .13 5,66 .120 81.5 F
7-14 R BM .750 . 749 8,050 . 145 90.5 7 5.59 .o 80.0 F
7-17 11 BM .750 .750 7,670 . 145 86.0 W73 5.67 .120 81.0 F
7-18 I BM L7150 .750 8,030 . 140 88.0 .75 5.70 . 125 86.0 0
7~19 Iy M .750 .750 6,830 . 160 8l1.5 .68 5.85 . 140 79.5 F
7~20 L BM .750 .750 7,730 . 145 86.5 W13 5.69 . 125 83.0 [
7-22 [§] BM .750 . 750 12,000 .065 85.0 .88 5.20 M -— s}
7-23 1 BM .750 .750 12,000 .070 88.0 .90 5.21 M ——— F
7-28 Il BM . 750 L7510 9,415 L105 87.0 .78 5.42 .080 77.0 D
7-30 1 BM .750 .751 8,105 L1135 81.0 .74 5,72 125 87.0 D
Statistics of Kjc values (Eq., 10): Mean - 87,08, c.v. - .043, 95% conf. limits: 84,8 - 89,3, 90% conf, limits: 85.2 - 88.9
V-BA- | 1 CW .751 L751 3,820 . 150 43.5 .40 6.00 . 155 50.5 c
¥-8a- 2 1 CW .750 L7510 7,570 . 120 75.4 .80 5.55 L11o 81.0 1]
V-BA- 3 1 Cw .750 . 749 5,120 L 155 60.0 .53 5.88 . 145 64,5 D
V-BA- 4 1 Cw .750 L7510 4,430 . 140 48,0 .44 5.94 . 150 57.0 Cc
V-BA~ 5 1 CW .749 .750 4,590 .155 53.5 .48 5.88 . 145 58.0 8
V-BA- 6 1 W . 749 . 749 4,380 . 160 52.5 .46 5.86 . 145 55.0 D
V-BA- 7 1 W . 750 .750 6,190 . 145 69.0 .6l 5.76 L35 74.5 D
V-BA- 8 1 CH L751 L7151 5,190 . 150 59.0 .51 5.73 . 130 61.5 h]
V-BA- 9 1 CW .749 . 750 4,410 . 155 51.5 .46 5.88 . 145 55.5 F
V-BA-10 1 CW .750 .750 4,720 . 160 56.5 .50 5.92 150 61.0 F
y-8C- 2 1 CwW L7510 .750 5,860 L1135 63.0 .55 5,67 . 125 68.0 D
v-8C- 3 1 CW L7510 .749 8,735 . 060 59.0 .65 5.07 M ——— D
V-BC- 4 1 CH .750 .750 9,305 . 060 63.0 .69 5.26 .060 71.5 0
Statistics of K| values (Eq. 10): Mean - 57.99, c.v. - .148, 95¢ conf. limits: 52.8 - 63,2, 90% conf, limits: 53,4 - 62,2
V-8D- 2 1 Fz 750 .749 9,305 . 135 100.0 .87 5.84 . 150 4.0 D
v-8D- 3 1 FZ .750 L7510 8,265 145 92.0 .80 5.63 . 130 92,0 0
V-BD- 4 1 FZ .750 L7150 9,335 135 100.0 .87 5.49 L5 95.5 D
A Statistic of Kj¢ values (Eq. [0): Mean - 97.33
v-BB- 2 1 HAZ . 750 . 750 8,290 . 125 92.5 .80 5.54 . 120 87.5 D
V-BB- 4 1 HAZ . 749 .750 9,240 150 96.5 .85 5.51 LS 95.5 D
V-BB- 5 1 HAZ .747 750 8,170 . 140 89.5 .78 5,57 . 125 89.0 C
v-BB8- 7 1 HAZ .750 .750 7,800 . 140 85.5 .74 5.54 .20 82.0 F
v-8B- 8 1 HAZ .750 .750 8,270 L 130 86.5 .76 5.55 . 120 87.5 c
Statistics of K|c values (Eq. 10): Mean - 90.1, c,v. - .050, 95% conf. Iimits: 84,5 - 95,7, 90% conf, limits: 85.8 - 94,4
v-BB- | 1 DB . 750 .750 8,530 . 140 93,5 .8 5.68 . 135 97.5 D
vV-BB- 3 1 08 L751 .750 6,790 . 145 76.0 .66 5.62 . 130 76.0 D
V-8B- 6 1 ] 749 .750 8,700 . 140 95.5 .83 5.58 125 95.0 ]
Vv-BB- 9 1 08 .750 . 750 8,350 . 130 87.0 .77 5.49 L5 86.5 c
v-88-10 1 DB .750 . 750 8,270 L35 88.5 .78 5.46 L 105 80.5 c
Statistics of K|c values (Eq. 10): Mean - 88.10, c,v. - .086, 95% conf. limits: 78,7 - 97.6, 90% conf, limits: 80.8 - 95.4

M = Missed calibration curve



TABLE 9. FRACTURE -TOUGHNESS TESTS OF PLATE NO, 8, 250 KS| GRADE OF MARAGING STEEL, BIG TIG WELD
Base Metal: 18 Ni1(250) maraging stesl plate 3/4 Inch thick, heat No. X53013, air melted. MII| annealed, aged after welding-9I5°F, 4 hrs, air cool,
yleld strengths: 260,000 psl Il to R.D,; 254,000 psl ] to R,D, .
Weld: Tig weld (310-350) amps), 1/4 Inch tungsten electrode, by Excejco Deveiopments Inc,

Notch Condition: Machined V-notch extended by fatigue crack, all notches paralle! to plate surface.
Test Conqlﬂons: Bar bending length was 6,00 inches, tests were conducted at room temperature.

Bar Length Visual g Effective g
Related L:l d P/8 Fatigue Kic B/M from8Ys/2 Kic by Type of
to Plate Bar Bar Unit Load Notch by NRL rs Reciprocal of Camp liance Comp i ance Load-
Rolling Notch Width Depth at Pop-In Depth Equation 10 —fnom_  Spring Constant Curve Method Def lection
Bar No. Directlon Locatlon  (in) Cin) (b=in) tin) 000 psifind  Iys (in?/1631076) (in) (1000 psidTn) Curve
8- 1 1h BM .750 .750 8,400 . 140 92.0 .78 5.79 130 91,0 8
8- 3 i BM 750 750 9,090 . 140 99.5 .85 5.70 . 120 92.5 F
8- 4 1 BM .750 .751 8,770 «135 93,5 .80 5.73 <125 92,0 F
8- 5 ] BM . 750 751 9,630 .125 98.0 .85 5.55 .095 83.5 1]
B- 6 [ BM 750 750 7,870 . 145 88,0 .75 5.84 <135 87.5 A
8-7 " BM 750 750 8,110 . 145 90.5 77 5.76 <125 85,0 F
8-8 i BM .750 .750 8,160 . 145 91.0 .77 5.81 . 135 91.0 F
8- 9 4} BM 750 750 8,290 . 145 92.5 .78 5.79 130 89,5 F
8-12 " BM .750 .750 8,690 .40 95.0 .81 5.74 125 91.0 F
8-13 I BM .750 +750 8,480 .140 93.0 .79 5.84 35 94,5 A
8-17 H BM .750 750 8,850 .30 - 92,5 .80 5.71 . 120 90.0 0
8-18 ] BM .750 .750 9,490 L 130 99,0 .85 5,65 .10 91,5 D
8-19 1 BM 750 .750 8,510 . 140 93.0 .79 5.71 .20 86.5 o]
8-20 I BM .750 751 8,080 . 140 88,5 .75 5.75 .125 84,5 D
8-21 It BM .750 +750 8,400 . 140 92.0 .78 5,63 . 120 85.5 o]
8-22 I BM .750 749 9,870 .125 101.0 .88 5,58 . 100 89.0 D
8-23 1 BM . 751 .750 7,180 170 8B.5 T4 5.98 . 150 86,0 F
8-24 H BM 751 .750 8,310 . 135 89.0 .76 5.72 120 84,5 F
8-25 1 BM 751 .750 8,180 . 140 89.5 .76 5,74 . 125 86.0 o]
8-26 il BM 751 750 7,990 <140 87.5 .74 5.66 1o 77.0 D
Statistics of Ko values (Eq. 10): Mean - 92,68, c.v. - .043, 95% conf, |Imits: 90.8 - 94.6, 408 conf, limits: 9.1 - 94,2
111-BA- | 1 CH .750 <749 8,430 L35 90,5 .79 5.51 115 88,9 D
111-8A- 2 1 W <751 .750 7,620 135 81.5 .71 5,44 05 76.0 c
{11~BA- 3 1 o} .750 .750 8,930 <140 98,0 .05 5.44 <105 89,0 A
111-BA- 4 1 [ ] 749 <750 8,170 <130 85.5 .75 5.46 105 81.5 B
IT1-BA- 5 1 cw 750 .750 10,030 <130 104,5 L83 5.34 . 085 80.5 )
I11-BA~ 6 1l W .750 .750 9,120 . 130 95.0 .84 5,38 .095 84,5 c
11-BA- 7 1 [} 750 .750 9,870 <130 103,0 291 5,41 . 100 5.5 F
111-BA- 8 1 CW .750 .750 8,930 -125 21.0 .81 5.40 095 85,0 F
I11-BA- 9 1 ™ .750 . 749 92,170 .125 94,0 .83 5.31 - 090 ¥3,0 D
111-BA-10 1 CW .750 .750 9,090 . 130 5.0 .B4 5.40 095 u4.5 [o]
111-BA-11 1 CH 750 <750 9,810 L1230 102,5 .94 5.40 .03 91.0 £
I11-8A-12 1 CW .750 .750 9,970 <130 104.0 .92 5,34 085 86.0 F
I11-BA-13 1 v} .750 +750 9,550 <130 99.5 .88 5,37 .090 86.0 F
111-BA-14 1 Cw .750 .749 9,200 .125 929.0 .84 5,44 105 g1.9 c
1 1-BA-15 1 CW .750 .750 9,090 . 140 99.5 .87 4. 50 1o 3.0 D
I11-BA-16 1 CW .750 750 8,590 .130 89,5 .79 5.42 . 100 Bv3.0 A
111-BA-17 1 W .750 . 750 8,510 . 125 87.0 .77 5,37 . 030 77.0 c
111-BA-18 1 Cw .750 750 9,330 . 135 100.0 .87 5,52 115 W0 F
I11-BA-19 1l CW 749 .750 9,210 . 135 102.0Q 93 5.52 18 toa, v D
I 11-8A-20 1 O .749 750 9,030 -130 94.5 .83 5.56 .120 8.0 F
Statistics of Kic values (Eq. 10): Mean - 95,53, c.v. - ,069, 5% conf, limits: 92.5 - 98.6, 90§ conf, limits: 93,0 - 98,1
I11-BD~ 4 1 FZ 749 . 750 11,800 L 135 126,5 .n 5.95 15 102, )
I11-8D- 5 1 FZ .751 <751 92,720 . 155 113.0 .97 5,08 135 99,9 B
111-8D- 6 1 FZ . 749 .750 10,250 . 145 14,5 .99 5.59 . 125 97.9 F
r-sep- 7 1 FZ .749 749 1,000 . 135 18,0 1.04 5,63 A0 02,0 )
111-8D- 8 1 FZ .751 .750 6,060 150 76.0 .66 5.79 . 150 76.0 C
Lir-gp- 9 1 FZ 750 .750 9,760 <135 104.5 .91 5.70 . 140 04,9 E
{11-BD-10 1 FZ L747 . 749 9,370 130 98,5 .87 5.58 .120 85,y A
Statistics of Kjc values (Eq, [0): Mean - 107,29, c.v. - .154, 95% conf, limits: 92,0 - 122,5, 0% cont, limits: 95.2 - §19.4
in-es- 1 A DB 751 . 749 6,680 .170 83.0 .70 5.85 .155 85.9 D
11-B8- 2 A 0B .750 . 749 7,710 . 145 86,5 .75 5,51 - H5 80,0 0
1n-es- > 1 [o]:] 750 .750 6,270 . 150 71.5 .62 5,55 . 120 67,0 F
111-88- 4 B DB L7489 . 750 7,020 L 150 80.0 .69 5.57 -125 7.0 0
111-88- 5 ] o8 .750 -750 7,470 . 150 85.0 .74 5,64 L35 86,0 F
111-88- 6 1 DB . 750 .749 8,130 . 140 89,5 .78 5.44 .105 79.5 F
1-ee- 7 ) DB 751 . 749 10,070 . 140 .o .96 5.51 L5 105,0 F
ri-ge- 8 ] [o:] 751 .749 8,790 . 145 98.5 .85 5.58 . 125 6.5 D
I11-8B- 9 4 08 .750 . 749 7,760 . 150 89.0 77 5,66 . 135 89,9 D
11-88-10 ] 08 750 .749 9,360 . 150 107,5 .93 5.58 .125 102.95 F
111-8B-11 1 DB .750 .750 7,150 - 160 85.0 .73 5.79 . 150 89,0 F
[11=88-12 1 D8 .751 . 749 7,400 . 145 83,0 .72 5.64 . 135 85.% F
11-8B-13 ] 2] 749 750 6,890 . 155 80.0 .69 5.61 . 130 78,0 F
111-BB-14 1 oB 751 749 7,990 . 145 89.5 .78 5,44 105 78.0 F
111-88-15 A [v]:] 749 750 7,770 . 150 88.5 .76 5.56 .120 83.0 0
111-BB~16 ] DB L7510 <750 7,190 <145 80.5 .70 5.47 110 72,0 F
1i-8s-17 1 DB .748 .750 7,990 . 140 87.5 .76 5.58 125 87.5% D
{11-BB~18 1 DB 751 . 749 9,750 . 150 112,0 .96 5,61 2130 110.5 5]
111-88-19 ) DB L7510 749 7,780 . 145 87.0 .76 5.65 . 135 89.5 D
111-88-20 1 08 751 .749 7,720 .[45 86.5 .75 5.61 . 130 87.0 F
Statistics of Kje values (Eq. 10): Mean - 89,05, c.v, .118, 95% conf. limits: 84.1 - 94,0, 90% conf. limits: 85,0 - 93.1
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TABLE 10. FRACTURE TOUGHNESS TESTS OF PLATE NO, 9, 250 KSt GRADE OF MARAGING STEEL, MIG WELD,
Base Metal: 18 Ni(250) maraging steel plate 3/4 inch thick, heat No. X53013, air melted. Mill annealed, aged by Excelco before weiding,
aged after weiding-915°F, 4 hrs, air cool, yield strengths: 260,000 psi Il to R.D.; 254,000 psi 1 te R.D.
Weld: Mig weid by Excelco Developments Inc,
Notch Condition: Machined V-notch extended by fatigue crack, all notches parallel to plate surface.
Test Conditions: Bar bending length was 6.00 inches, tests were conducted at room temperature.
Bar Length Visual a Effective 3
Related B d P/B Fatigue Kic B/M from0Y5/2 Kic by Type of
to Plate Bar Bar Unit Load Notch by NRL ' Reciprocal of Comp | iance Comp |l iance Load-
Rolling Notch Width Depth at Pop-in Depth Equation 10 nom Spring Constant Curve Method Def lection
Bar No. Direction  Location  (in) (in) (Ib=in) (in) (1000 psifim) &Vs {in2/1b)(10°6) (in) (1000 psifin)  Curve
9- | B BM 751 L7510 6,600 . 160 78.5 .65 5.85 . 155 78.5 A
9- 3 1 =] .750 .751 16,700 .055 104.0 1,19 5.08 M m——- D
9- 4 11 BM 151 .750 11,400 .070 83.5 .85 5.22 M —-—-- F
9-5 I BM L7510 L7510 6,470 A5 81.5 .67 6.19 . 190 90.0 F
9- 6 1 BM L7151 .751 6,500 . 185 85.0 .70 6.24 . 195 92,0 F
9- 7 ] BM L7510 751 7,590 . 150 86,5 .73 5.86 . 160 91.5 F
9- 8 1 BM L7514 L7510 8,520 135 91.0 .78 5.52 120 82.5 8
9-il 1 BM L7510 L7510 7,110 .170 88.0 .73 5.89 .165 88.0 F
9-13 3] BM .748 .750 6,810 . 140 74.5 .63 5.70 . 145 76.0 F
9-16 I BM .750 750 6,800 .165 82.5 .60 5.82 . 155 80.0 D
9-17 I M .750 .750 9,270 .125 94.0 .82 5.53 .120 89.5 F
9-19 11 BM .751 .750 6,680 . 160 79.5 .67 5.85 .155 79.5 F
9-20 I 8M .751 .750 6,520 . 155 76.0 .64 5.89 160 78.5 F
9-214 11 BM L7510 .750 6,740 . 165 82.0 .68 5.82 . 150 78.5 A
9-22 11 BM L7510 .751 6,360 . 160 75.5 .63 5.86 . 155 75.5 B
9-23 {1 BM .750 .750 6,910 . 155 80.5 .68 5.79 . 150 80.0 F
9-28 1 BM .751 .751 7,360 . 150 84.0 .70 5.71 .145 82.0 F
9-29 1l BM .751 .751 6,990 . 155 80.5 .68 5.79 . 140 76.0 F
9-30 H BM .750 L7510 7,600 . 140 83.0 .70 5.53 . 120 73.5 F
Statistics of K)¢ values (Eq, 10): Mean - B3.68, c.v. - .084, 95% conf, limits: 80,3 - 87.1, 90% conf, limits; 80.9 - B6.5
vi-B8C- 2 1 e} .751 751 5,270 . 150 60.0 .52 5.85 . 140 61,0 D
Vi-BC- 4 1 CW .750 . 749 9,650 . 145 108.0 .94 5,92 .150 18,5 F
Vi-BC- 5 1 CH .750 747 4,770 155 56.0 .48 6.0l . 155 60,5 F
vV1-80- 2 1 CW .750 . 750 5,010 . 145 56.0 .48 5.84 . 140 58.0 [
Vi-BD- 3 1 CH .750 .751 5,550 . 140 60.5 .53 5,71 . 125 59.0 D
V1-BD- 4 1 CW .750 .749 8,990 .160 108.0 .92 5.88 . 145 107.5 D
V1-BD- 6 1 CW L7510 .750 5,300 . 150 60.5 .52 5.77 . 130 58.0 F
Statistics of Kjc values (Eq. 10): Mean - 72,71, c.v. - .233, 95% conf. limits: 50.4 - 95.1, 90% conf, limits: 55.0 - 90.5
Vi-BC- 6 1 FZ .750 L751 6,930 . 130 72.0 .63 5.59 . 105 65.5 [
Vi-BC- 7 1 FZ .750 L7151 9,010 . 125 92.0 .81 5.79 . 130 99,5 F
YI-BC- 8 1 FZ 7510 .51 6,310 L 135 67.0 .59 5.67 120 65.0 C
VI-BC- 9 1 FZ L7510 .750 10,120 135 108.5 .95 5.81 . 135 t14,5 D
vi1-80- 7 1 FZ .749 .751 5,820 . 140 63.5 .55 5.63 .10 56.5 c
VI-BD- 8 1 FZ .751 . 750 6,500 . 160 77.5 .66 5.82 . 135 73,5 A
vV1-8D- 9 1 FZ .750 L751 7,920 . 145 88.5 .76 5,74 . 130 87.0 D
VI-8D-10 1 FZ . 749 .751 7,100 . 140 77.5 .67 5.64 10 69.0 [
Statistics of Ky values (Eq. 10): Mean - 80.81, c. v. - .184, 95% conf. limits: 68.4 - 93.2, 90% conf. limits: 70.9 - 90.8

M = Missed calibration curve



TABLE 1.

Base Metal:

FRACTURE TOUGHNESS TESTS OF PLATE NO. 10, 250 KSI GRADE OF MARAGING STEEL, BIG TIG WELD.

18 Ni(250) maraging steel plate 3/4 Inch thick, heat No. X53013, alr melted,
11 to R.D.; 254,000 psi | to R.D,

Tig weld {310-350 amps), 1/4 inch Tungsten electrode, by Electrode Developments Inc,

Weld:
Notch Condition:
Test Conditions:

Bar Length
Related
to Plate
Rolling Notch
Bar No, Direction Location
10- 9 N BM
io-10 ] BM
1o-11 1 BM
10-12 1 M
10-13 1 BM
10-14 ] BM
10-15 1 BM
10-16 1 BM
10-17 1 BM
10-18 ] BM
10-19 ] BM
10-20 ] BM
10-22 ] aM
10-23 1 BM
10-24 1 BM
10-25 1 BM
10-26 ] BM
10-27 y BM
10-28 ] 8M
10-29 ] BM
Statistics of
F1-AA- 9 1 o]
111-AA-10 11 [
11-AA-11 1 CKW
111-AA-12 1 Cw
IT1-AA-13 11 CH
111-AA-14 1 CW
111-AA-15 1 CH
I11~AA-16 1 Ch
L11-AA-17 it CwW
111-AA-18 1 Cw
I1-AA-19 A CW
1l-aCc- 7 1 Cw
111-AC- 8 [N} o]
I11-AC- 9 [N CW
111-AC-10 1 CwW
Statistics of
I1-AC- 3 H FZ
I11-AC- 4 n FZ
111-AC- 5 H FZ
111-AC- 6 1 FZ
111-AD- 4 1 FZ
FI1-AD- 7 [l FZ
[1i-AD- 8 1 FZ
I11-AD- 9 I FZ
I 11-AD-10 11 FZ
Statistics of Kic values (Eq.
I11-A8- 1 I HAZ
i11-AB- 5 1 HAZ
I11-AB- 7 t HAZ
I11-AB- 9 I HAZ
111-AB-10 [} HAZ
1-AB-11 I HAZ
111-AB~13 N HAZ
111-AB-15 i HAZ
1i1-AB-18 1 HAZ
IHI-AB-19 it HAZ
111-AB-20 [ HAZ
i11-AD- 5 N HAZ
Statistics of K| values (Eg. 10):
E11-AB- 2 [N o
111-AB- 3 it o::]
I11-AB~ 4 il o
111-AB- 6 1 2]
111-AB- 8 it DB
111-AB-12 i DB
111-AB-14 n DB
111-AB-16 1 DB
111-AB-17 r 2]
11§i~-AD- 6 I ;]

Statistics of K| valu

yield strengths:

260,000 psi

Machined V-notch extended by fatigue crack, all notches parallel to plate surface.
Bar bending length was 6.00 inches, tests were conducted at room temperature,

8
Bar
Width

(in)

L7514
749
.749
750
.749
.749
749
.749
.749
.749
. 749
. 749
.751
.751
750
.749
.749
.749
.750
.750

Kic values (Eq.

.750

K|¢ values (Eq.

.751

2751
. 749
.749
. 749
. 743
. 749
.749
.748
.748
. 749
.749
.750

. 749
.749
.750
.749
.750
.750
749
.749
.750
.750

es (Eq.

10):

10):

10):

Mill annealed, aged after weiding-915°F, 4 hrs, air cool,

Visual g Etfective g

d P/B Fatigue Kic B/M from 6Ys/2 Kic by Type of
Bar Unit Load Notch by NRL 6 Reciprocal of Comp | i ance Compliance Load-
Depth at Pop-in Depth Equation 10 nom Spring Constant Curve Method Def laction
¢in) Clb~in) ¢in) (1000 psifin) FVs (in2/16)010°6) tin) (1000 psifin) Curve
.750 6,020 .215 88.5 .75 6,64 .220 94.0 F
.750 5,930 .205 84,0 71 6.52 .210 89.5 F
L7151 5,660 .220 84.5 .71 6.42 .205 84.5 F
.749 5,810 215 86.0 .72 6.50 .210 88.0 F
.750 5,390 .220 80.5 .68 6,65 220 84.0 c
750 5,230 .220 78.5 .66 6.63 220 81.5 F
.750 5,130 .250 85.0 .73 7.02 240 84.5 F
.750 5,820 .210 84,0 .70 6.45 .205 87,0 F
.751 5,420 .240 87.0 .74 6.77 .225 85.5 [+
.750 4,830 .270 86.5 .74 7.25 255 82,0 A
.751 5,290 230 81,5 .69 6,60 215 81.5 F
<751 4,590 .240 73.5 .62 6.56 215 70.5 E
.750 7,160 . 165 87.0 .74 5.75 150 89.0 F
.750 8,100 . 155 94,5 .81 5.74 150 101.5 0
751 7,810 . 160 93.0 .79 5.70 150 97.5 F
751 7.720 . 150 88.0 .76 5.68 145 95.0 [
.750 7,800 . 150 89.0 Ers 5.54 130 90,0 F
.750 7,960 L 155 92.5 .80 5.55 130 92.0 F
.751 7,760 . 150 88.5 16 5.61 140 93.0 A
.751 6,700 155 78.5 .67 5,60 140 81.0 fo)

Mean - 85.53, c.v. - .06l, 95§ conf, limits; 83,1 - 87,9, 20% conf. limits; 43.5 ~ 87,6
.750 8,370 . 180 108.0 .89 6,08 L 165 110,9 D
750 7,330 . 195 100.0 .82 6.33 L18Y 103.0 A
.75 7,880 . 190 105.0 .87 6.29 . 180 109.0 F
751 6,300 .215 92.5 76 6,61 L205 93.5 F
L7510 9,450 . 150 107.5 .90 5,89 . 145 115.5 A
750 12,140 120 121.0 1.06 5.67 . 125 138.0 o]
750 9,830 . 120 98,0 .86 5.65 .125 iy F
749 9,270 L1135 99.5 .85 5.74 . 150 107,0 o]
. 750 9,320 L 135 100.0 B5 5.75 . 130 107.5 E
.751 10,150 130 106.5 .91 5.74 L1130 7.5 D
750 9,750 L5 94,5 .83 5,59 15 105.5 D
750 9,590 <125 98.5 .85 5.63 120 106, 5 0
750 11,530 L0135 123.5 .05 5.70 .125 130.0 0
750 9,830 .125 100, 5 .87 5.54 . 105 101.5 F
.750 10,610 .125 108.5 .04 5.60 ] F15.0 o}
: Mean - 104.23, c.v. - .084, 95% conf, limits: 99.4 - 109.1, 90% conf. limits: 100.2 - 08,2
.751 10,930 . 150 124.5 1.05 5.75 . 150 125.5 c
750 11,730 . 140 128.5 .09 5.64 .120 I28.5 F
750 12,210 . 155 142,0 1.19 5.65 . 140 146.5 F
.750 9,190 . 145 102,5 .87 5,71 L0125 105.Y A
751 9,810 170 121.0 1.0l 6.08 165 130.0 F
.750 9,320 175 117.5 .98 6,09 L 165 125.0 F
.750 9,930 . 130 103.5 .89 5.064 . 120 10%.0 A
.750 153,120 <130 137.0 1.18 5.57 L0 157.5 E
.750 10,280 130 107.5 .93 5.60 .o 107.5 E

Mean - 120.44, c.v. - .118, 95§ conf, limits: 110.7 - 131,2, 90% cont, limits: [i1.7 - 129.2
.750 10,970 . 140 120.0 1,02 5.79 135 129.0 E
749 13,240 . 130 138,5 1.20 5.069 . 125 149,0 F
748 14,920 125 153.5 1.33 5.62 LIS 163.5 E
749 9,670 75 122.0 1.02 5.98 155 123.5 E
748 11,910 120 19,5 1.05 5.51 . 100 118.0 E
748 10,470 130 110,0 .95 5.66 . 120 115,0 E
.750 1,880 - 130 124.5 1.07 5.58 110 124.5 E
.749 15,480 SIS 151.0 1,33 5.56 .o 162,0 E
751 12,410 . 130 130.0 1. 5.61 120 136.0 F
.748 12,440 130 130.5 113 5.71 -125 140.0 E
748 13,080 .25 i34.5 1.17 5.71 125 146.5 E
.750 9,330 150 106.5 .90 5.79 L0135 109.5 E

Mean - 128.38, c.v. - .13, 95% conf, limits: 119.2 - 137.6, 90§ conf. limits: 120.9 - 135.9
. 749 12,550 . 135 135.0 1.15 5.74 130 144,0 E
749 10,570 . 130 110.5 .95 5.69 . 125 18,5 C
.749 8,960 . 180 115.5 .95 6.31 . 180 124,5 F
.748 7,770 165 95.0 .79 6.05 . 1eu 101.0 (o]
.748 11,520 . 140 i26.5 1.08 5.80 135 135.5 F
.748 12,270 140 135.0 1.15 5.63 .12C 134.5 E
749 8,950 . 165 109.0 .91 6.02 . 155 114.5 E
.748 12,550 <125 129.0 112 5.66 .120 137.5 F
. 749 12,690 130 132.5 ro15 5.59 1o 133.0 E
.750 9,550 . 180 123.0 .02 6,22 175 130.5 E

Mean - 121,10, c.v. - .110, 95% conf. limits: [11.6 - [30.6, 90% conf. l.mits: 113.4 - 128.8

10):
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TABLE 12,

18 Ni(250) maraging steel plate 3/4 inch thick, heat No. X53013, air melted,
yield strengths:

FRACTURE TOUGHNESS TESTS OF PLATE NO.

Weld:

260,000 psi

Ii to R.D.; 254,000 psi | to R.D.

Short arc weld by Excelco Developments Inc.

1, 250 KSi GRADE OF MARAGING STEEL, SHORT ARC WELD,

Machined V-notch extended by fatigue crack, all notches parallel to plate surface.
Bar bending length was 6.00 inches, tests were conducted at room femperature.

Base Metal:
Notch Condition:
Test Conditions:

Bar Length

Related B

Jo Plate Bar

Rolling Notch Width

Bar No. Direction Location (in)

-1 1 BM 750
-3 1 BM .750
11-5 1 BM . 750
-9 1 BM . 750
=1 1 BM .750
11=-13 1 BM . 750
11-17 1 BM . 750
1-18 1 BM .750
11-19 1 BM 750
11-20 1 BM .750
t1-25 1 BM .750
11-27 1 BM .750
11-29 1 BM .751

Statistics of K)¢

V-AA-
V-AA-
V-AA-
V-AA-
V-AA-
V-AA-
V-AA-
V-AA-
V-AA-
V-AA-1Q
V-AC- 3
V-AC- 4
V-AC- 5

VOO Wm b WN—

Statistics of K|¢ values (Eq, 10):

V-AB-
V-AB-
V-AB-
V-AB-
V-AB-
V-AB-
V-AB=-
V-AB-
V-AB-
V-AB-
Y-AD-
V-AD-
V-AD-

\.n,b\AS\oco\:oxmbuN—

Statistics of K|¢ values (Eg. 10):

1
1
1
1
1
1
nl
H
11
11
it
Il
1

QRIIILILIZ?

CwW

2

HAZ
HAZ
HAZ
HAZ
HAZ
HAZ
HAZ
HAZ
HAZ
HAZ
HAZ
HAZ
HAZ

vaiues (Eq. 10):

.750
.749
. 750
.748
L7151
.750
.750
.750
.751
.750
.750
.750
.749

.750
.749
.751
L7498
.750
.750
.750
L7510
. 749
L7510
. 749
750
. 150

Mill annealed, aged after welding-915°F, 4 hrs, air cool,

Visual a Effective a
d P/8 Fatigue Kie B/M trom9ys/2 Kic by Type of
Bar Unit Load Notch by NRL & Reciprocal of Comp | { ance Comp | iance Load-
Depth at Pop-in Depth Equation 10 nom Spring Constant Curve Method Deflection
(in) (Ib-in) (in) (1000 psifim) & Y5 (in2/10)(1076) (in) (1000 psifin)  Curve
.750 10,910 .070 80.0 .84 5.13 — - D
.750 10,720 .070 79.0 .82 5.07 —-- -— c
.750 10,720 .070 79.0 .82 5.06 - - D
.750 7,440 .150 85.0 .73 5.53 - - D
.750 6,510 . 145 73.0 .63 5.40 - - D
.747 7,000 . 185 79.0 .69 5.55 - - c
.750 7,710 . 185 86.0 .75 5.47 ——- -—- c
.750 7,230 . 155 84.5 .72 5.48 -— — F
.751 7,600 . 150 86.5 .75 5.61 - - F
. 750 7,710 . 160 92.0 .79 5.64 - _— F
750 7,250 . 150 82.5 .71 5,51 - —- F
.750 8,530 135 91.5 .80 5,26 - — F
.750 7,320 . 145 82.0 71 5.47 - - £
Mean - 83,07, c.v. - .064, 954 conf, limits: 79.9 - 86.3, 90% conf, limits: 80.5 - 85.7
.750 5,600 .15 64.0 .54 6.04 - —- D
.750 6,920 L4 76.0 .64 5.80 _— —_— D
.750 6,670 .14 73.0 .62 5.78 — —- D
750 6,630 .14 72.5 .62 5.68 -— — D
.750 5,990 15 68.5 .58 5.81 -— - P
.750 5,600 .14 61.5 .52 5.72 --- - B
.750 6,430 13 67.5 .58 5.62 -- - D
.750 5,930 L4 65.0 .55 5.74 - - A
.751 8,520 13 89.0 .76 5,58 —- - D
.749 7,200 .14 79.0 .67 5.65 --- --- 0
.750 10,030 .055 65.0 .72 5.09 --- ——- D
.750 8,680 .070 64.0 .65 5.23 - - D
.750 8,090 .070 59.5 .6l 5.20 --- - B
Mean - 69.58, c.v. - .18, 95% conf. limits: 64.6 - 74,5, 90f conf. limits: 65.5 - 73.6
751 11,330 .12 112.5 .99 5.61 --- -— D
.751 9,210 13 96.5 .83 5,65 - — F
744 10,650 L 102.5 .92 5.70 --- -— D
.750 1,110 .12 110.5 .97 5.54 - — D
. 750 9,200 .14 100.5 .86 5.58 --- ——- c
.749 9,170 .14 100.5 .86 5.59 -—- - c
.750 10,960 4 131,0 1.02 5.64 - -— F
.751 9,920 14 108.5 .92 5.66 - — c
.750 10,650 .14 117.0 .99 5.74 -—- — F
751 8,990 .14 98.0 .83 5.64 - -—- 3
.750 13,620 .C60 92,0 .99 5.12 - - c
.751 13,760 .065 97.0 1.0t 5,15 -—— -— E
.751 13,960 . 060 94,0 1.0l 5.11 - — £
Mean - 104.65, c.v. - .105, 95% conf. limits: 98.0 - I11i.3, 90% conf, limits: 99.3 - 110.1



TABLE I3, FRACTURE TOUGHNESS TESTS OF PLATE NO, 14, 200 KS)1 GRADE OF MARAGING STEEL, LITTLE TIG WELD

Base Metal: 18 Ni(200) maraging steel plate 3/4 Inch thick, heat No, 3960813, vacuum remeited, MIIt annsaled, aged after welding-915°F, 4 hrs, air cool,
yleld strengths: 233,000 psl Il to R.D.; 228,500 psi | to R,D,
Weld: Tlg weld (110-140 amps) by Excelco Developments [nc.
Notch Condltion: Machined V-notch extended by fatigue crack, all notches parallel to plate surface.
Test Conditions: Bar bending length was 6.00 inches, tests were conducted at room temperature.

Bar Length Yisual 3 Effective a
Related B d P/B Fatigue Kie B/M trom 6s/2 Kic Typs.of
to Plate Bar Bar Unlt Load Notch by MRL Reclprocal of Compliance Compjance Load-
Rolling Notch wWidth Depth at Pop-ln Depth Equation 10 &nom Spring Consfgnf Curve Method Def lection
Bar No, Dlrection Locatlon (in) (In) (Ib=in) (in) {1000 psi{Tn) LA (In</1b)C10"%) (in) {1000 psl"ln) Curve
14- 2 4 8 2751 +751 9,080 «205 128.0 1.20 6,50 .200 135.5 E
l4- 3 J BM .750 751 9,120 .210 131,0 .23 6,57 .205 138.0 F
l4- & d BM 751 .750 8,680 .215 128.0 1.19 6.61 .210 133.0 E
14- 5 1 BM «750 »750 9,330 +200 129,0 1.2t 6,47" .200 139,0 F
18- 6 J a8 «750 #751 8,370 .220 125.0 .17 6.92 «225 133,5 F
14- 7 1 B 751 .751 9,590 .205 135.5 1.27 6,53 .205 145.0 E
l4- 8 d BM .750 .750 1,410 170 141.0 1,34 6,04 . 165 152,0 E
14- 9 ] B .751 .751 8,580 »215 26,0 1.18 6,63 .210 131,5 F
4=t B M <751 751 11,320 175 142.5 1.34 6,01 . 165 151,0 E
i4-12 J BM +750 .750 7,330 .245 120.0 113 7.31 .250 124.5 F
14-13 B BM «750 150 9,170 -215 135.0 1,26 6,59 .205 128,5 F
i4-14 1 BM +750 750 9,070 .210 150,5 1.22 6.67 .210 139.0 E
14-19 ] BM «750 750 8,480 .225 129.5 .21 6.88 225 135,5 F
14-16 ] BM .750 L7510 8,690 .215 127,5 1.19 6.54 .205 131.5 F
14-17 ] BM »750 .750 9,070 .205 128,5 r.20 6,37 .190 131,0 3
14-18 ] BM .750 750 8,850 .220 132.5 1,24 6.60 .210 135.5 E
14-19 ] BM .750 .750 8,800 .205 124,5 117 6,42 .195 129,0 E
14-20 B M . 750 . 750 8,930 .215 131.5 .23 6.57 .205 135.0 E
14-21 1 BM .750 751 8,350 .230 129.0 1.22 6,80 .220 131.5 F
14-25 4 M .750 . 7150 9,200 .210 132.5 1.24 6.44 . 195 135.0 F
14-26 1 BM .751 .750 9,030 2215 133.0 1.24 6,53 .205 136.5 E
14-27 ] BM .750 .751 9,070 .215 133,0 1.25 6,47 .200 135.5 E
14-28 1 BM .750 .751 8,800 .215 129.0 1.21 6.52 .205 133.0 E
14-29 | BM 750 -751 9,070 .210 130.5 1.22 .49 .200 135.5 F
14-30 ] M .750 750 10,000 . 190 133.5 1.26 6,28 .185 142.5 E
Statistics of K| values (Eq. 10): Mean - (50,76, c,v, - .039, 955 conf, [im(ts: (28,6 - 132.9, 90 conf. limlts: 129.0 - (32.5
X11-AA- 1 1 Cw .750 750 8,780 .200 121.5 1,12 .41 L 195 132,0 E
Xb1-RA- 2 B Cw 750 . 750 7,030 .210 10l.0 .93 6.51 .200 107,5 C
X11-AA- 3 I W +750 751 7,540 .205 106,5 .98 6.42 .195 113.5 c
X11-AA- 4 1 CW . 749 751 6,730 .225 103,0 .04 6,69 .210 105.5 F
XI11-AA- 5 1 (=} -750 .750 7,070 .235 11,5 1.03 6.8 .220 114,0 [+
X11-AA- & 1 CW .750 «750 8,300 .205 17,5 1.08 6.38 190 123.5 F
X11-AA- 7 I W 750 . 750 4,400 .200 116.5 V.07 .44 195 126.5 E
X11-AA- 8 I W 750 . 750 7,870 .210 113.5 1.04 6,50 .200 120.5 F
X11-AA- 9 I Cw .751 750 7,330 .220 109.5 1.00 0.67 .210 15,0 F
X11-AA-10Q I W 750 .750 7,260 . 200 100.5 92 6,52 .200 1.0 F
X11-AA-11 I Cw .750 751 7,550 .200 104,5 L96 GO . 1wo 12,5 F
X11-AA~12 It Cw .750 .750 7,870 .220 17,5 1.8 6,08 210 123.% E
XI1-AA-13 1 Cw .750 750 7,360 .220 11o.0 1,01 .78 £220 [REA F
X11-AA-la t CW 750 750 7,740 L2109 114,0 1.05 6.58 L205 120,0 F
X11-AA-I5 1 CW . 750 750 8,400 .205 9.0 [¢3] 6,46 .195 126.5 E
X1§-AA-16 il CW .751 .749 7,700 220 15,5 1,06 6.56 .200 11s.0 F
X11=AA=17 1] Co 751 750 7,460 .230 115.5 1.06 G.u4 420 120,0 F
X|1-AA-18 1] CW 750 .750 9,200 L 190 123,5 s 6.23 . 1550 152.5 F
XI1-AA-19 B CW .750 L7510 5,580 .200 0.5 .89 7.4% 240 97.0 C
X11-AA-20 i o .750 2750 6,960 210 100, 5 .92 6.60 L2005 10s.0 F
Statistics of K|c values (Eq. 10): Mean - [10.88, c,v. - .U7l, 958 cont. limits: 107.2 - 14,5, 90% cont, limits: 107.9 - 115,
X11-AC- 3 11 FZ .750 . 750 Y,080 . 195 132,0 1.21 6,40 . By 1504 F
X11-AC- 4 Al FZ . 750 . 750 6,830 .250 114.0 1.06 7.45 L 250 1.5 F
X11-AC- 5 [N FZ .750 .751 7,120 ,250 119.0 .10 7.25 .240 14,0 F
X11-AC- 6 L FZ .750 .751 6,130 .290 118,0 [N 4.18 . 205 106.0 E
X11-AC- 7 2} FZ <749 750 6,650 .250 111.0 1.0> 7.29 .240 106.0 E
X11-AC- 8 1 FZ 751 751 8,680 .210 125.0 l.14 6,63 .200 127.5 F
X11-AC-10 [N FZ 751 751 7,720 .240 124,5 l.14 6.93 220 1y, s E
X11-AD- 4 " FZ . 749 .14y 7,210 . 240 16,0 1,07 7.12 .230 13,0 E
X11-AD= 5 i FZ .751 . 750 8,030 .210 124,5 l.14 6,65 .200 1206.9 F
X11-AD- & 11 FZ 749 743 7,420 .245 121,5 3 7,25 .235 7.5 E
X11-AD- 8 H FZ 740 . 749 7,180 .240 15,5 1,07 7.02 .225 115 I3
X11-AD- 9 1 FZ .749 . 749 7,800 220 17,0 1,07 6.76 .210 117.0 F
X11-AD-10 1 FZ .751 750 5,890 .320 127,53 1,23 9.1 - - E
Statistics of Kjc values (Eq. 10): Mean - 120.42, c.v. - .00, 95% conf. limits: 116.8 - 124.1, 90% conf, limits: 117,5 - [25.4,
X1i-AB- 3 I HAZ <751 .750 8,840 .205 125.0 115 6,57 <195 128.% E
X11-AB- 4 N HAZ .750 .750 8,400 .215 124,0 I 14 6.76 .210 126.0 E
Xi1-AB- 9 1} HAZ .750 .750 8,240 .220 125.5 .13 6,55 .195 119.5 E
X11-AB-1Q t HAZ 751 ST 7,990 .225 121,5 1.1z 6,73 .205 He.0 £
X11-AB-13 t HAZ .750 .750 7,760 .240 125.0 1.5 7.04 .225 120.5 E
X11-AB-18 1 HAZ .750 .750 7,590 .235 120,0 111 7.18 .235 120.0 F
X11-AB-19 Bl HAZ . 749 750 7,470 .235 118.0 1.09 7.17 .235 1iB.5 E
X11-A8~20 ] HAZ L 74R . 751 7,680 .220 14,5 1,05 6.93 .220 117.5 E
Statistics of Kjc values (Eq, 10): Mean - 121,44, c.v. - .03, 95§ conf. limits: 18,3 - 124,6, 90% conf. limits: 118.9 - 123.9
X11-AB- | 1 o8 .750 .750 7,680 .235 121.5 1.12 7.09 .230 120.0 E
XI1-AB- 2 N o=} .750 750 9,180 .200 127.5 117 6.45 . 190 131.5 E
X1[-AB- 5 11 [e12] -750 750 8,400 .205 119.0 1.09 6.56 L1935 122,0 E
Xl1-AB- & 1 D8 750 750 8,230 W215 21,0 [y 6.68 .205 122.5 E
XI1-AB- 7 I o 2751 <751 8,380 .210 120.5 I.10 6.6 .200 123,0 E
X11-AB- 8 I DB . 749 751 7,560 .220 13,0 1.03 6,72 .205 112.5 F
Xi1-aB-11 I DB .750 «750 8,480 .205 120,0 110 6.48 . 190 121,5 F
X1t-AB-12 I oB .750 .750 8,390 .235 132.5 1.22 6.97 .220 128.5 E
X11-AB-14 I DB . 750 .750 7,640 .220 114,5 1.05 6,88 W215 16,0 F
Xi1-AB-15 i oB .750 .749 7,900 .225 120.5 Ll 6.93 .220 i2l.0 F
Xt1-AB-16 r oB .750 +750 8,430 195 115,0 1.06 6.52 .195 122.5 E
X1 1-AB=17 1 o8 J745 .750 6,120 .280 1a,o 1.07 7.88 .270 103.5 E
Statistics of K|c valves (Eq. 10): Mean - 119.92, c,v. - .048, 95% conf, limits: 116,3 - 123,5, 90% conf. limits: 117.0 - 122.9
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TABLE 14,

Base Metal:

Bar Length Vvisual g Effective a
Related B ¢ P/B Fatigue Kic 8/M from €YS/2 Kic by Type of
to Plate Bar Bar uUnit Load Notch by NRL g Reciprocal of Comp I lance Compliance Load-
Rolling Notch Width Depth at Pop-in Depth Equation 10) nom Spring Constant Curve Method Daf lection
Bar No. Dlrection Location {In} (in {lb=in) (in) ¢ 1000 psifTn) LA ¢1n2/1b3¢10-6) {in) (1000 psifin} Curve
15- 1 ] B +750 <750 8,370 .20 120.5 1. 14 6,84 .195 129.5 F
15- 2 I BM .750 750 8,880 195 121,0 I.15 6,55 175 128.5 E
15- 3 ] BM «751 750 7,780 .225 118.5 113 6.99 .205 124,0 E
15- 4 ] BM «751 750 8,710 .200 121.0 l.15 6,52 .75 126.0 E
15- 6 1] BM .750 751 8,560 215 125.5 .19 6.79 -195 132.5 E
I5- 7 h BM .750 750 8,480 <215 125.0 119 6.81 .195 131,0 E
i5- 8 1] BM .750 .750 8,370 .225 127.5 1,21 6,78 .190 127,5 E
15- ¢ 1] BM .750 +750 8,240 <210 118.5 1,13 6.74 .190 125.5 E
[5-11 ] BM .750 750 8,080 215 119.0 .13 6,97 .205 i28.5 E
15-12 ] BM 750 .750 8,450 .210 122.0 t. 15 6,63 . 185 126.5 E
15-13 [N BM .750 -750 8,530 .210 123,0 1.17 6.64 .185 127.5 E
15-14 n BM «750 .750 8,030 225 122,5 1.16 7.03 .205 128.0 E
15-15 1 BM <751 .750 8,230 215 121,5 1.15 6.85 . 195 127.0 E
15-16 1] M 750 .750 6,990 +260 121,0 1.16 7.39 .225 118,0 E
15-17 I BM <750 .750 7,470 240 120,0 1.15 7.22 220 124.5 E
15-18 ] BM .750 .750 8,510 230 32,0 1.26 7.08 210 138.0 E
15-19 ] BM .748 751 8,160 .225 124,0 1.18 7.14 .215 134.0 E
15-20 [l BM +750 .750 8,610 ,205 121.5 l. 16 6.8} 195 133.0 E
15-21 1 BM . 750 .750 9,490 190 126.5 l.21 6.60 .180 140,0 E
15-22 1 BM 749 2751 7,810 210 112.5 1.07 6,90 .200 131,5 E
15-23 I BM . 749 2751 8,010 235 126.5 1.20 7.13 .215 131,5 E
15-24 1 BM 750 .749 7,790 .210 112.5 i.07 6.89 200 122,5 E
1525 1 BM 750 754 8,080 .20 116.0 .10 6.80 195 125.0 F
15-26 [N} BM 750 150 8,050 .210 116,0 I.10 6.84 195 124,5 E
15-27 il BM 749 . 750 8,040 .200 1a.o 1.06 6.72 190 122,5 E
15-28 1 BM 750 .750 7,520 .225 114,5 1.09 6,91 200 118.5 F
15-29 I BM . 750 .750 8,160 .210 117.5 [ 6.78 190 124.0 F
15-30 1 BM <751 .75t 6,660 .260 115.0 1.10 7.61 .240 117.0 E
Statistics of K|c values (Eq. 10): Mean - 120,46, c.v, ~ .041, 95% conf, limits: 118.6 - 22,4, 90% conf. limits: 118.9 - 122.0
X11-BA- | i CwW 750 .750 5,840 .270 104,5 1,00 7.75 .245 99.5 E
X11-BA- 2 CW 7150 .750 6,770 240 109.0 1.02 7.39 .225 1.5 E
X11-BA- 3 CW .49 .750 7,530 235 119.0 .12 7.51 .235 126.0 E
X1 1-BA- 4 ) Cw 750 .750 7,090 215 104.5 .98 6.65 . 185 107.0 E
X11-BA~ 5 ) Cw 750 .750 7,330 210 105.5 .99 6.46 . 170 106.5 E
X11-BA~ 6 oW 750 . 750 7,200 225 109.5 1.03 6,73 . 190 110.0 E
X11-BA- 7 j cW 750 . 750 8,000 220 120.0 .12 6.80 L195 123.5 E
X11-BA- 8 j oW 750 . 750 7,870 220 118.0 l.10 6.80 . 195 121.5 E
X11-BA- 9 CW 750 .750 6,690 240 107.5 1.02 7.15 .215 108.0 E
X11-BA-10 i CW 750 . 750 0,370 .235 100.5 .95 6,98 .205 100, 5 F
X11-BA-11 i Cw 750 .750 8,450 +225 129.0 .21 6.74 . 190 129.0 E
Xi1-BA-12 A CwW .750 .750 7,680 .225 17.0 1.09 6.69 . 185 115.5 E
X11-BA-13 1 o] 750 750 7,130 <240 114.5 1,08 6.80 . 195 110.0 F
X11-BA-14 1 Cw 751 . 750 6,620 .240 106.5 1.00 7.04 .210 105, 5 F
X11-BA-15 d CW 749 .7.0 8,530 2225 127.0 1132 6.84 L 195 120,5 E
X11-BA-16 ] CW 750 | 7,010 .245 114,0 .08 7.34 .225 115.0 F
X11-BA=17 ] (e} 751 . 790 7,030 .240 115.0 1,06 7.00 .205 110.0 F
X11-DA-18 y o . 751 L7981 5,850 . 260 100.5 .95 7.47 230 97.0 F
X1'-BA-19 i CW .750 . 750 7,520 .220 112.5 1.06 6.81 . 195 116.0 E
X11-BA-20 d CW 741 .750 7,850 .230 122.0 1.15 7.00 209 124,0 E
X11-8C- 2 i W 750 750 16,300 .070 119.5 1,39 5,20 M - F
X11-BC- 3 A W 750 .750 14,400 .085 118.5 1.28 5.35 .050 118.0 F
X11-8C- 4 B Cw 751 750 10,100 L1355 108,5 1.05 5.80 L5 122.0 F
X11-8C- 5 i W 750 750 5,680 .270 106.5 .97 7.86 .250 98.0 E
X11-BC- & i [ 750 750 5,405 .260 93.0 .89 7.54 .235 90.5 E
Xl1-8C- 7 i CW 750 751 7,620 .220 14,0 1.06 6.78 . 190 116.9 E
Statistics of K|c values (Eq. 10): Mean - 112,08, c.v. - .076, 95% conf. limits: 108,7 - 115.5, 90% cenf, limits: 109,2 - 114.9
X11-BC- 8 A FZ .750 .750 7,600 .220 114.0 1.06 7.03 L2135 125.5 E
A11-BC- 9 1 FZ .750 .750 8,345 .220 125.0 17 6.72 L1935 128.5 F
Xi1-8D0~ 2 P FZ 751 . 749 8,650 .225 132,0 .24 6.92 .205 136.5 E
Xtl-bD- 3 i FZ . 750 . 750 6,935 .235 109.5 1.03 7.20 .225 114.5 E
X11-8D- 4 A FZ .749 .751 9,320 .220 139.0 1.30 6.82 .200 145.0 E
X11-BD- 6 ] FzZ . 749 750 8,410 .220 117,0 1.09 6,53 . 180 124,0 E
X11-80- 7 y FZ 750 .151 10, 105 .205 142,0 1.34 6.55 .185 151.5 E
X11-80- 8 d FZ .750 . 750 9,120 .225 139.0 1.30 6.71 L195 140.0 E
X11-80- 9 l FZ .750 .750 8,130 .220 131.5 1.14 6,89 .205 128.5 E
Statistics of K|c values (Eq. (0): Mean - 126.56, c.v. - .095, 958 conf. [imits: [17.4 - (35,8, 90% conf. limits: [19.1 - 134.0
X11-88- 1 4 HAZ . 749 .750 8,010 .220 1E1.5 1.04 6.49 180 118.0 E
Xi1-8e- 2 4 HAZ .750 . 750 7,920 .200 110.0 1.01 6.53 180 116.5 E
X11-B8- 3 1 HAZ <750 .750 8,185 .210 8.0 [PRd] 6.55 180 120.5 E
X11-88- 6 A HAZ <750 .750 7,920 .210 a0 1.07 6.56 . 180 116.5 E
X11-8B- 7 p HAZ 2750 . 749 6,775 +235 107.5 1.0l 7.67 245 117.5 F
X11-88- 9 p HAZ 751 .51 8,735 +205 128.0 1.16 6.28 165 122.5 E
Xi1-8B-11 i HAZ . 750 .751 8,455 +205 120.0 r.12 6.52 180 124, 5 E
X11-88-12 i HAZ .750 +750 5,385 305 108.5 1.07 8,50 285 101.5 E
X11-88-13 1 HAZ 750 .750 8,695 .195 118.5 [P0 6.29 . 165 122.5 E
Xii-88-16 i HAZ 751 .750 7,485 .235 118.5 rott 7.23 225 123.5 3
X1i-8B-18 1 HAZ .750 .750 8,585 .200 119.5 .12 6,58 185 128.5 E
Statistics of Kjc values (Eq. 10): Mean - 115,82, c.v. -~ .053, 95% conf, limits: 10,7 - 119.9, 90f conf. limits: 112,5 - 119.2
Xi1-8B~ 4 A DB .750 .750 8,055 .205 114.0 1.07 6.66 . 190 122.5 E
Xi1-B8- 5 d DB .751 .751 7,800 215 114.5 1.07 6.81 .200 121.5 E
X1i-88- 8 A bB .750 751 8,425 215 123.5 1.16 6.48 . 180 124,0 E
X11-88-10 d o8 +750 750 7,760 225 118.5 i 6.80 .200 120.5 E
X11-8B-14 DB 750 749 7,495 210 108.5 1.02 6.82 .200 116.5 F
X11-88-15 _ DB . 750 .750 7,600 .225 116.0 1.09 6,90 +205 119.5 E
X11-BB-17 A [+1:] .75 750 9,160 190 122.5 1.17 6.39 .70 131.0 E
X11-8B-19 ] o .750 750 8,375 210 120.5 13 6.55 . 180 123,5 E
X11-88-20 ] 0B 751 750 9,880 185 129.5 1.22 6.25 . 160 132.5 E
Statistics of K|c values (Eq. 10): Mean - 118,61, c.v. - .052, 95% conf, limits: 113.8 - 123,4, 90% conf. limits: 114.8 - 122.5

FRACTURE TOUGHNESS TESTS OF PLATE NO,

18 Ni(200) maragling steel plate 3/4 inch thick, heat No. 3951215, vacuum remeited.

Notch Conditlon:
Test Conditlons:

yleld strengths:

225,200 psi

It to R,D.; 228,400 psi § to R,D,

Weld: Tig weld (110-140 amps) by Excelco Deveiopments |Inc.

15,4200 KS1 GRADE OF MARAGING STEEL, LITTLE T1G WELD.

Machlined V-notch extended by fatigue crack, all nofches paralle! to plate surface.
Bar bending length was 6,00 inches, tests were conducted at room temperature.

MII| annealed, aged after welding-9i5°F, 4 hrs, alr cool,

M = Missed calibration curve
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TABLE 15, FRACTURE TOUGHNESS TESTS OF PLATE NO. (8, 200 KSi GRADE OF MARAGING STEEL, MiG WELD

18 NI(200) maragling steel plate 3/4 inch thick, heat No, 3951217, vacuum remelted. Mill annealed, aged after welding-9iS°F, 4 hrs, air cool,
yleld strengths: 229,500 psi 1! to R.D,; 224,900 ] to R.D.
Weld: Mig weld by Excelco Developments [nc.

Machined V-notch extended by fatigue crack, all notches parallel to plate surface.
Bar bending length was 6.00 Inches, tests were conducted at room temperature.

Base Metal:

Notch Condition:
Test Condltlons:

Bar Length Visual g Effective 3
Related [} d p/a Fatlgue Kie B/M from&Y5/2 Kie Type of
to Plate Bar Bar Unit Load Notch by NRL Ve Reciprocal of Camp | i ance Comp | ance Load-
Rolllng Notch Width Depth at Pop-in Depth Equation 10 nom Spring Constant Curve Method Deflection
Bar No. Direction Locatlon (ln) (in) (1b=-In}) (in) ¢1000 psifTn) oV ¢1n2/16)(10°6) (In) {1000 psiiln) Curve
18- 2 1 8M .750 .750 7,290 .195 99.5 .95 6,47 .200 109.0 F
18- 3 N BM +750 «750 6,640 210 95,5 .91 6,58 .205 100.5 F
18- 4 ] BM 750 .750 6,430 210 92.5 .88 6.74 25 100.0 F
18- 5 §. BM +750 .750 7,200 .185 94,5 .90 6,23 .185 103.0 F
18- 6 J M 750 .750 6,690 .205 94,5 .90 6.54 .205 101.5 F
8- 7 1 aM .750 . 750 8,000 . 165 97.0 .93 6,00 165 107.5 F
18- 8 1 BM . 750 .750 6,400 -205 90,5 .86 6,53 «205 96,5 F
18- 9 i BM .751 .750 7,380 215 109.0 1.03 6,77 .215 115,0 F
18=-11 J BM .750 . 750 7,730 .200 107,0 1.02 6.89 .225 123,0 F
18-12 ) BM 750 . 750 8,050 «200 1.5 1,07 6,81 .220 126.5 F
18-13 i BM .750 . 750 7,090 .205 100,0 .96 0.90 .225 113,0 F
18-14 1 BM .750 .750 6,990 .205 99,0 .94 6,97 .230 12,5 F
18-15 B! aM L1751 749 7,190 . 200 100.Q .96 6.89 225 114.5 F
18-16 d BM . 750 .750 7,650 +200 106,0 1.01 6,74 215 13,0 F
18-17 A M 750 .750 7,390 180 95,5 .91 .45 195 109.0 D
18-18 1 BM 750 .750 7,330 165 89,0 .86 ©.30 . 185 105.0 F
18-19 1 BM . 749 +750 6,060 195 83.0 .79 6.71 L2105 94,5 c
18-20 1 BM .750 . 750 6,240 .200 86.5 .83 6,77 220 98.0 D
18-21 1 BM 750 .750 6,570 200 88,5 .84 6.72 215 99.0 D
18-22 p M »750 750 6,690 . 195 91.0 .87 6,69 L2135 104,0 F
18-23 1 B8M . 750 .750 7,010 . 195 95,95 =91 6,66 210 107.5 F
i8-24 1 &M .749 .750 7,080 .190 94,5 .90 6.55 .205 107,0 F
18-25 1 BM .750 750 6,000 205 85.0 .81 6.80 .220 94.5 F
18-26 1 BM . 750 .750 6,530 . 195 89,0 .85 G,54 .205 98.5 F
18-27 A BM .750 749 6,750 .205 95,5 .91 6,07 210 105.5 F
18-28 d M .750 .750 6,270 210 90.5 .86 6.75 215 91.5 F
18-29 A 4 750 .750 6,560 200 9.0 .87 6.79 220 103.5 F
18-30 1 M .750 750 6,990 .200 97.0 .92 6,05 .210 107.0 F
Statistics of Kic values (Eq. 10): Mean -~ 95,29, c.v. - .075, 95% conf. limits: 92.6 - 98.0, 90% conf. limits; 93.0 - 97,6
X111-AA= | H CW .750 750 5,440 . 180 70,1 .65 G40 .200 42,0 c
X11I-AA- 2 1 CH . 750 .750 5,090 . 190 0y, 0 .64 G, 48 .200 77.0 F
XUll~AA- 3 I CW <750 .750 5,760 .200 80.0 .75 0. 07 .210 89.5 )
X111-AA- 4 il Cw .750 <750 4,530 . 185 59.5 +56 .51 .200 68,5 [
XiHi-AA- 5 13 o] .750 L7950 4,610 .2Q5 65.Q W0l 6,79 .215 73.0 E
XII1-AA- 6 Nl (o] .750 .750 5,830 200 ur1.0 .75 6,57 .205 89.5 D
X1i-AA- 7 h ow . 750 . 750 4,840 215 71.5 .66 6.77 215 76.5 D
XI1i-AA- 8 1 Cw 750 .750 5,250 .200 73,0 .08 6,74 .215 83,0 F
XI11-AA- 9 1l e 750 750 4,010 130 61.5 .58 6,352 90 07.5 c
X111-AA-10 I Cr <742 .750 6,000 .210 86,5 .81 [eR-1e] .220 96,0 0
XI11-AA-11 [ Cw . 751 . 7150 4,230 185 £2.0 .58 .40 405 70.5 €
X111-AA-12 H o] .750 750 5,250 .200 73.0 .08 .49 +200 79.5 E
XI11-AA-13 [y CW .750 +750 5,250 .200 3.0 68 6.5C .205 80.5 E
Xill-AA-14 1 O 751 750 4,860 210 10,0 LY (23] . 220 .0 E
X111-AA-15 ] CH 751 751 5,220 W95 71.0 .66 6,48 .200 79.0 E
X1 -AA- 16 13 O JI510 . 750 4,670 . 185 64,0 -Ga G.4Q 95 72.5 E
X111-AA-17 9] W .750 .750 5,200 195 71,0 .66 6,53 .200 14,5 E
XI111-AA-18 N CH .750 751 5,010 «205 70,5 « 06 0,87 .220 40,0 E
XI11-AA-19 1 CH .750 .750 5,150 .200 7.5 .67 0,069 210 40,0 E
Statistics of Kjc values (Eq. 10): Mean - 70.C4, c.v, - .09G, 95% cunf. limits: €7.4 - 75.9, 9OF conf. limits: C7.9 - 73,3
XII1-AC- 3 H FZ -750 £ 749 7,150 .225 109.0 [ .85 .215 110.5 c
XJ1)-AC- 4 r FZ .750 .750 8,500 .215 126.0 ro1g .70 L2205 129.0 E
XII1-AC- 5 I FZ .750 . 750 8,240 250 120,0 [ ] [PV 113 .220 128, 5 F
XI11-AC- & It FZ .750 750 6,030 .280 i12.5 1,07 7.47 .270 1ca. o E
X11-AC- 7 It FZ .750 .750 8,750 .215 129.0 1.20 6,57 ] 129,0 E
X1t1-AD- 4 1 FZ 750 750 5,680 .225 96.5 1 7.4a .250 24,0 F
XI11-AD- 5 1 FZ 750 750 9,040 <210 130.5 1.21 6,060 .200 135.0 E
XI111-AD- 6 [ FZ .750 L7518 6,610 275 120.5 1.1 7.66 . 260 1i.s E
XilI-AD- 7 n FZ <750 749 5,890 310 123,0 119 8.6l . 505 107.5 E
X111-AD- 8 1 FZ .750 750 8,850 .225 135.0 1.26 6,85 .215 136.5 E
Xt-an- 9 i1} FZ .750 .751 9,470 .215 139.0 1.29 6.53 95 139,95 E
Statistics of Ki¢ values (Eq. 10): Mean - 122.064, c,v, - ,10l, 95% conf, limits: 114,3 - 131,0, 90% conf. limits: 115,9 - 129.4
X1I1-AC- 8 N HAZ . 750 .750 9,120 195 124.5 116 6.28 175 127.0 E
Xltr-AC- 9 [y HAZ .750 750 8,850 195 120.5 112 6,38 . 185 127.0 E
X1I1-AB- | i HAZ .750 751 7,290 225 110.5 V.03 6.99 .225 15,0 F
XiHl-AB- 2 t HAZ <750 750 6,370 . 240 102.5 +96 7.21 .235 102,5 F
X1HI-AB- 3 " HAZ .750 751 6,220 .235 98.0 .92 6.99 .220 971.0 E
X1 [1-AB- 4 I HAZ . 750 <750 7,470 210 107.5 1.00 6.0 .200 s F
XI11-AB- 5 1 HAZ 751 750 7,620 .205 107.5 1.0l 6,63 .200 113.5 F
X111-AB- & i HAZ 751 <750 6,370 .240 102,5 .96 7.10 230 101.5 F
X111-aB- 7 il HAZ <751 750 0,130 .235 97,0 .91 L.88 .215 94,5 F
Xlir-aAg- 8 N HAZ .750 751 6,130 .225 93,0 .87 L.ud 220 95.5 F
Xi111-AB-10 ¥ HAZ 750 750 7,740 .210 Ie.s 104 v 7Y 210 118.0 F
X111-AB=11 I HAZ .750 .751 6,510 245 106,0 1.00 7.23 .235 105.0 F
X111-AB-14 H HAZ .750 751 7,200 .225 109.5 1.02 L, 77 210 110.0 F
Xi14-A8-17 " HAZ 750 750 6,720 .205 95,0 .89 0,48 . 190 97.5 A
X|11-AB-18 Nl HAZ .750 750 8,350 . 220 125.0 .16 £.89 .215 128.5 E
Statistics of Kic values (Eq. 10): Mean - 107.37, c.v. - .094, 95% conf. limits: 101.8 ~ 112,9, 90% conf. limits: 102.8 - I11.9
X|1i-AB- 9 M DB .750 .750 6,380 230 99.0 W93 7.19 .230 101,5 F
X111~-AB-12 n o8B 750 -750 5,280 .270 94.5 .90 7.75 .265 89.5 F
X111-A8-13 11 o8 . 750 750 6,830 <215 100.5 .94 6,78 210 104,0 F
X|11-AB-15 1 o8 .750 750 7,020 .220 105.0 .98 6,6l .200 105.0 F
X1it-AB-16 1 oe .750 750 6,620 .225 101.0 .94 7.23 .235 106.5 F
Xit1-AB-19 1 [o]:] .750 750 6,940 210 100.0 .93 6.66 .200 103, 5 F
X111-AB-20 h] oB .750 .750 6,940 .220 104,0 .97 6.94 .220 108.5 F

Statistics of K|c values (Eq. 10):

Mean - 100.57, c.v. - ,034, 95% conf. limits: 97,4 - 103,8, 90% conf,

ok

limits: 98.0 - 103.1



TABLE 16,

Base Metal:

Bar_No.
19- 3
19- 4
i9- 5
19- 6
19- 7
19- 8
i9- 9
19-10
19=11
19-12
19-13
19-14
19-15
19-16
19-17
19-18
19-19
19-20
19-21
19-22
19-23
19-24
19-28
i9-29
19-30

XI111-BA- |
X1i1-BA- 2
X111-BA- 3
X111-BA- 4
XI11-BA~ 5
X111-BA- 6
X111-BA- 7
X111-8A- 8
X111-BA~ 9
X111-BA-10
X111-BA-11
X111-BA-12
X111-BA-~13
X111-BA-14
X111-BA-15
X111-BA-16
Xt11-BA-17
X11-BA-18
XI11-BA-19
X111-BA-20
X1li-8Cc- 2
xl1i1-8c- 3
XI111-BC~ 4
Xlre-8c- 5
Xl11-BC- 6
Xit-8C- 7
X111-8C- 9
X111-80- 2
X111-B0- 3
XI111-BD- 4
X111-8D-10
XlIti-gB=~ |
XH1-88- 3
Xt111-88- 5
Xi1i-8- 7
X111-BB- 8
XI11i-88~ 9
X111-88-10
X111-BB-11
X|11-88-17
X111-BB~19
X111-88- 2
X1i1-88- 4
XIl1-88- &
X111-88-12
Xt11-B8-13
X111-8B-14
X111-BB-15
X111-8B-16
X111-88~18
X111-B8-20
X111-BD- 6
Xit-ep- 7
X1i1-80- 8

18 Ni(200) maraging steel plate 3/4 inch thick, heat Ko, 3960819, vacuum remelted.

Notch Conditlon:
Test Conditons:

Bar Length
Related
to Plate
Rolling
Dlrection

1
[}
n
i
1]
I
h
1]
1]
"
13
N
1]
bt
I
ul
b
1
H
il
I
il
"
i
1}

Statistics of K|¢ values

Statistics of K|¢ values
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Statistics of Kjc values

b b e b —

Statistlics of K|c values

b b b e e b

Statistics of Ki¢ values

FRACTURE TOUGHNESS TESTS OF PLATE NO, 19, 200 KS| GRADE OF MARAGING STEEL, MIG WELD

Notch

Location

R EP PP PP E PR R RERRREERE

222929999922 92229220¢

FZ
FZ

HAZ
HAZ
HAZ
HAZ
HAZ
HAZ
HAZ
HAZ
HAZ
HAZ

yleld strengths:
Weld:

233,000 pst 1! to R.D.; 228,500 psl { to R,D.

Mlg weld by Excelco Developments |nc.

Machined Y-notch extended by fatlgue crack, all notches parallel to plate surface.
Bar bending length was 6.00 inches, tests were conducted at room temperature.

Mill annealed, aged after welding-915°F, 4 hrs, alr cool,

Yisual g Effective g

8 d P/8 Fatigus Kie B/M trom&Ys/2 Kic by Type of
Bar B8ar Uni{t Load Notch by NRL Reciprocal of Compliance Comp | {ance Load-
Width Depth at Pop-In Depth Equation 10 Snom Spréng Constant Curve Method Deflaction
(in) (in) (lb=1n) (In) ¢1000 psi¥Th) &YS (In¢/15)(10°6) {in) (100 psl{ln) Curve
«751 +750 20,510 065 148.0 1.72 5,29 M - E
«750 =750 8,360 225 127.5 117 7.03 <200 130.0 E
+750 «750 8,400 .220 125,5 115 7,06 .205 132,5 E
750 750 8,290 230 128,0 1.18 7.05 .200 129.0 E
«750 750 8,430 $215 123.5 .14 6,95 <200 13t.0 E
.751 751 8,520 .225 129.5 1.19 6.94 .200 132.5 E
.750 750 8,520 .225 130,0 .19 6,82 <190 129.0 E
.75t 150 8,180 <235 129.0 1.19 7.02 .200 127.0 E
.750 .750 7,790 .225 119,0 1.09 7.20 215 126.5 E
.750 .750 12,720 <140 139.5 1.32 6,00 .25 152.5 E
.750 «751 8,290 .210 119.0 1.09 6.87 195 127.5 E
750 «750 11,950 145 133,5 1,26 5.96 .20 140,5 E
.750 «751 11,760 . 140 128.0 1.22 5.91 s 134,5 E
751 .750 8,260 .215 122.0 112 7.0l .200 E
750 751 8,320 »225 126,5 1.16 7.07 .205 E
.750 751 7,170 .260 125,5 1.15 7.61 235 E
+750 750 8,190 .240 131.5 .21 6,98 .200 E
.750 . 751 8,110 235 128,0 1.18 7.00 .200 E
.750 +750 7,760 .230 1205 111 6.94 »200 F
.750 .751 7,600 .245 128,0 1.15 6,98 .200 E
750 .750 7,810 «225 119.0 1.09 .98 «195 E
<751 <751 7,500 .240 120.5 ()] 7.00 .200 E
<751 751 7,760 235 122.5 [ V3 7.08 205 E
.751 .750 5,330 335 121.0 1.20 92.08 M F
<751 <751 4,890 +345 115.0 115 9.95 M -— F
(Eq. 10): Mean - 126,20, c.v. - .056, %5% conf. limits: 123,3 - 12U.1, 90% conf. limits: 123.8 - 128,¢
150 . 750 4,120 .200 57.5 .95 ¢.70 (B3] ¢l,0 A
. 750 L 750 4,620 ,205 69,5 .61 6.70 . 185 w85 A
. 750 .750 2,450 .220 59.0 .55 7.02 205 61.0 A
. 750 751 4,270 L2115 62,5 .59 6.8G 200 5.9 A
.750 751 4,180 .20 uZ,0 .58 .68 200 04,0 A
L 750 . 750 4,070 L215 0.0 .96 C.90 200 2.5 A
750 . 750 5,100 195 L9.9 W05 .ol 180 14,5 4]
.750 750 4,470 L 1us L h U2 .ol . 180 1.0 D
751 . 750 4,190 240 07,5 W03 7.41 230 Wy A
.751 151 4,130 235 65,0 Wol 1.00 210 65,0 B
.750 . 150 4,400 200 61,0 Wu? .61 180 [ [»]
750 750 4,730 .195 - .00 6,45 170 7.9 [»)
750 . 150 4,190 200 Wb .55 0,83 195 63,5 B8
751 .750 4,060 205 57.5 54 .80 195 ¢l.o c
750 . 750 4,390 210 05.5 29 0.8l 195 [Z787] A
750 .19 4,200 200 v0, U -1 L. 15 140 [P} D
750 .750 4,30 210 03,0 59 6, u7 L 1u5 [} B8
.750 .750 4,230 200 99.0 5% .04 . 185 62,5 n
.750 750 4,200 .220 ©3.5 .00 B Z15 67,9 D
. 750 +750 3,730 .215 35.0 -1 1.07 .210 ] F
(Eq. 10): Mean - 62,03, c,v. ~ .06I, 5% conf, limlts: 60.3 - 63,8, 0% conf, limits: (0.6 - 43.5
750 . 750 4,190 .220 122.5 115 [P . 180 120, 5 E
. 150 750 8,460 .205 19,5 .12 L. 57 . 180 124, 4 E
750 750 7,710 225 §17.5 I.10 023 205 120.5 E
750 .749 4,990 .200 125,0 1.18 .00 . 185 124,0 E
750 .750 92,150 .205 129.5 .21 4,70 190 128.0 E
.750 .750 8,880 .200 125.5 .16 6,55 180 130.5 E
750 .750 9,470 .185 129,5 1,22 6,31 105 136.0 F
751 750 7,380 230 14,5 1.08 7.01 210 116.5 F
750 150 8,960 .200 124,5 116 .43 170 129,0 E
749 .750 10,120 .200 140, 5 1,32 .40 175 146.5 E
750 751 10,430 . 190 139.0 1.30 6.20 . 160 142,0 E
(Eq. 10): Mean - 125,96, c.v. - ,065, 75% conf. limlts: 120.4 - 131.5, 90% conf, limits: 121.5 - 130,4
751 . 749 8,040 .200 120.0 .13 6,09 . 190 130,0 E
.750 .750 8,400 .210 124,0 1.13 6.71 . 190 1265 E
. 750 . 750 8,220 .220 123,0 115 0.74 L 195 125.5 E
.750 . 750 8,860 .205 125.5 117 6.72 190 133.5 E
.750 750 8,880 .220 133,0 1,24 6.76 .195 135.5 E
.50 . 751 9,500 .210 136.5 .28 6,48 L1175 138.0 E
<750 . 750 7,760 .220 16,0 1.02 7.11 .215 124,0 E
751 +750 7,320 .220 109.5 .02 7.32 .225 119.0 F
. 750 751 9,440 .190 125.5 1.18 6.52 . 180 139.0 F
751 .750 8,950 . 195 122.0 I.15 0.66 . 185 133.5 E
(Eq. 10): Mean - 123,20, c.v. ~ ,063, 95% conf, limits: 17,7 - (28,7, YOF conf, limits: 118,7 - 127,7
.750 <751 7,520 220 112,5 1,05 7.02 .210 118.5 E
.750 .751 8,540 210 123.0 1.15 6.65 .185 127.5 E
.750 .751 8,760 205 123,5 1,16 6,59 .185 130.5 E
751 .751 8,520 . 195 116.0 1.09 0.77 195 130,0 F
.750 750 7,630 .215 112.5 1.05 ©,84 200 18,0 E
751 751 8,660 210 124.0 .16 6.74 . 195 132, 0 F
. 749 . 750 7,980 200 .o 1.04 6,73 .190 120,0 E
.750 .750 7,120 220 106,5 1.00 7,06 .210 12,5 E
. 750 .750 8,930 195 121,5 I.14 6,70 190 134.5 E
750 750 7,310 220 109.5 1.02 6,91 .205 1a.o F
751 .750 7,010 245 14,5 1,08 7.43 .235 116.5 E
.750 .750 5,280 310 110,0 1.07 9.06 M === F
751 .750 5,060 .305 103.5 1.00 9.23 M - F
(Eq. 10): Mean - 114,46, c.v, ~ .059, 95% conf. Iimits: 110.4 - 11B,5, 90% conf. limits: 111.1 - 117.8
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TABLE 17.

Base Metal:

XIV-AA- |
XIV-AA- 2
X1V-AA- 3
XIV-AA- 4
XIV=AA=- 5
XIV-AA- 6
X1V-AA- 7
X1¥-AA- 8
XIV-AA- 9
XIV-AA-10
XIV=-AA-T1
XIV-AA-12
XIV-AC- 4
X1V-AC- 5

X1V-AC- 6
XIv-AC- 7
XIV-AC- 8
XI¥-AC- 9
X1¥-AC-10
X1V=AD- 3
X{V-AD- 4
XIV-AD- 5

X1V-AB-
XIV-AD~
X1V=-AD-
X1V-AD-
XIV-AD-
XIV-AD~1

cCvwmuOW

XiV-AB- |
XI¥-AB- 2
X1V-AB- 4
XiV-AB- 5
XIV-AB- 6
XIV-AB- 7
XIV-AB- 8
X1V-AB- 9
X1V-AB-10
KiV-AB-11
XIV-AB-12
X1¥-AB-13
XIv-AB-14
X1¥-AB-15
XIV-AB-16
X1¥-AB-17
XI1V-AB-18
XIV-AB-19
XIV-AB-20

18 N1(200) maraging steel plate 3/4 inch thick, heat No. 3951215, vacuum remelted,

FRACTURE TOUGHNESS TESTS OF PLATE NO. 20, 200 K5I GRADE OF MARAGING STEEL, SHORT ARC WELD

Mi!l annealed, aged after welding-915°F, 4 hrs, air cool,
yield strengths: 225,200 ps| |1 to R.D,; 228,400 psi | to R.D.
Weld: Short arc weld by Excelco Developments Inc.
Machlned Y-notch extended by fatigue crack, all notches parallsl to plate surface.
Bar bending length was 6.00 Inches, tests were conducted at room temperaturs.

Notch Condition:
Test Conditlons:

8ar Langth Visual g Effective g
Related B d P/B Fatigue Kie B/M fromdYs/2 Kie Type of
to Plate Bar Bar Unit Load Notch by NRL S nom Reciprocal of Complinace Campliance Load-
Rolling Notch Width Depth at Pop-In Depth Equation {0 - pond Spring Constant Curve Method Dat lection
Dlrectlon  Locatlon  (in) Un) (lb=in) [ 1000 psifTn} Ys§ C1a2/16)¢16-6) (ln) 1000 pst{Tny Curve
" BM . 750 .750 9,170 .210 132.0 1.25 6,65 . 185 132.5 E
n BM 749 .750 8,810 .210 127,0 1.20 6.67 . 190 129,0 E
1 M 750 »750 9,070 210 130,5 1.24 6,62 .185 31,0 E
1 BM 750 .749 9,240 . 200 128.5 .22 6.57 .180 132,0 E
H BM 750 .749 8,850 »205 126.0 .19 6,66 . 190 129,5 E
h M «750 . 751 8,530 .215 125.0 119 6,81 .200 128,0 E
I BM «750 . 751 8,640 .210 124,0 I.18 6.71 - 190 126.5 E
i o™ 750 2751 7,710 .240 125.5 1,18 7.2} .220 121.5 E
n M 750 749 8,960 .210 129.5 [.23 6,80 .200 134,5 E
1t M .750 . 750 9,070 .215 133,5 1.27 6.82 -200 136.0 E
I M .750 751 9,200 .215 135.0 1,28 6.76 . 195 137.0 E
H BM .750 .750 9,330 .210 134.5 1.27 6.62 .185 135,0 E
2] BM 750 -750 9,040 «205 128,0 1.22 6,50 75 127,0 E
I BM .750 »750 8,770 .215 129.5 1.23 6.63 .185 127.0 E
1 e 750 .751 9,330 -210 134,0 1.27 6.66 190 136,5 E
H BM »750 . 750 8,800 215 129.5 .23 6.76 195 151.0 E
1 ™ .750 .150 7,840 L2210 113.0 1,07 6.78 195 116.5 F
h] BM 750 750 7,600 .210 109.5 1.04 6,69 . 190 1,0 F
nl BM .750 »750 8,190 .205 116.0 1.10 6,54 .180 17,0 F
1 BM .750 .750 8,000 .205 113,0 1.07 6,59 . 180 14,0 F
Statistics of K| values (Eq. 10): Mean - 126,08, c.v, - .060, 95f conf. limits: 122.5 - 129.6, 90% conf, [imits: 123.1 - 129,0
y ] .750 750 4,030 «240 65,0 .6l 7.48 .235 66,0 c
A o . 749 .751 3,930 .220 58.5 .55 7.00 .210 61,0 A
1 o 750 750 4,210 .230 05.5 <01 7.07 .215 66,0 B
1 =} «750 .751 3,710 2275 67,9 .64 8.09 .270 64,5 F
[s.] <749 750 4,210 .230 65.5 .61 7.13 .215 66,0 A
o <750 -751 2,990 +340 9.0 .70 10,08 M - F
1 W . 750 745 4,370 £200 61,0 57 7.02 .210 68,0 E
] (o] 2749 750 6,800 300 136,0 1,32 8,26 .275 119.0 E
] CW 749 .750 6,430 «305 I51.0 1.28 8,53 .290 15,5 E
] o) 749 .750 3,980 .290 77.0 .74 4,32 .280 70,0 F
N W +750 -750 2,830 » 300 56.5 .55 8,45 .285 50.5 E
] cW »750 . 750 4,600 .230 71.5 .67 7.15 .220 73,0 [
d oW .750 749 5,440 170 67.5 .64 6,20 160 74,0 F
1 o™ L7510 .750 4,930 165 60,0 <57 6.1 . 145 64.5 D
Statistics of Kyc values (Eq, 10): Mean - 75.11, c.v. - 337, 95% conf, limits: €O.5 - 89.7, 90% conf. limits: 63.1 - 87.1
) FZ . 749 750 10,550 .200 147,0 1,57 6,53 . 180 152,0 E
] FZ .750 750 1,010 . 100 133.5 1.25 6,37 70 154,5 E
1 FZ . 750 749 11,680 .180 150.0 F.42 6,22 <155 156.5 E
Fz . 749 2750 9,350 +200 152,0 1,24 G, 5% . 145 156,35 E
| FZ . 750 751 4,990 .225 76.0 71 6,79 .200 75.5 B
1 FZ 750 .750 8,080 235 140,5 1.32 7.05 .215 129.5 E
1l FZ 751 <751 9,720 .220 145,0 1,36 6.73 . 195 145.5 E
1 FzZ .750 . 750 10,240 .210 147,5 1.38 6.6l . 185 150.0 E
Statistics of Kjc values (Eq. 10): Mean - 133,94, c.v. - .182, 95% conf, limits: 113.6 - [54,3, 90% conf. limits: 17,6 - 150,2
1 HAZ .749 2749 7,980 .25Q 135.5 1,26 7.50 .230 129.9 €
1 HAZ .750 2751 1,310 . 190 150,5 I.a1 0.36 .70 159.0 E
1 HAZ .750 2750 9,520 .235 150.5 1.42 6.91 .205 146, 5 3
i3 HAZ .750 .750 11,730 .185 154,0 1.45 6,30 165 162,5 E
1 HAZ .750 .750 10,000 <200 139,0 1.30 6.52 . 180 44,0 E
1 HAZ .751 750 10,600 195 144,5 1.36 6.40 .170 149.0 E
Statistics of Kjc values (Eq, [0): Mean - 145,33, c,v. - .054, 95% conf. limits: I37.1 - [53,6, 20f conf, limits: [38,9 - 151.8
3 2] 749 750 6,940 .240 s 1.05 7.12 .220 110.5 F
l DB . 749 . 749 8,280 .220 124.0 I.16 6.86 .200 125.5 E
1 5] <749 .749 8,220 .220 123.5 l.16 6,84 .200 125.0 E
1 DB . 749 .749 6,380 .255 108.5 1.03 7.33 .230 103.5 F
§ oe .750 .750 9,330 .200 129.5 .21 6.60 .185 136.5 E
] o8 750 .749 8,090 210 7.0 1.09 6.86 .205 124.5 E
] [ol:] 750 .750 6,530 »245 107.0 r.ol 7.51 .240 108.5 F
A oB .750 . 749 7,470 2235 118.,5 .12 7.28 .230 121,5 E
] bB .750 749 7,730 .210 1.5 1.05 6.87 .205 118.5 E
DB .749 #7501 6,600 .245 107.5 1,02 .44 .235 108.0 F
o8 750 749 7,810 .215 15,0 1.08 6,97 .210 121.5 E
] b8 .749 .750 7,400 .230 t15,0 .08 7.24 .225 119,0 3
d 0B .749 . 749 8,280 .225 126.5 1,19 7.09 .215 130.0 E
] D8 750 <751 7,230 .225 110,0 1.03 6.94 .205 1.o €
i oB .749 751 8,010 .205 113.0 1.06 6.62 .185 117.0 E
i o8 750 751 7,650 215 12,0 1.05 6,79 200 116.0 E
d [ol:] .752 750 8,240 .195 12,5 1.05 6,61 .185 120.5 E
1 DB . 749 . 749 8,760 190 17.5 r.10 6.55 . 180 126,5 E
1 ol:] .750 -751 8,610 L 14,5 1.08 6,58 .185 126.0 F
Statistics of Kjc values (Eq. I0): Mean - 115.50, c.v, - .056, 95% conf. limits: 112.4 - [18.6, 90% conf. limits: 112.9 - 118.t
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TABLE 18, FRACTURE TOUGHNESS TESTS OF PLATE NO, 21, 200 KS) GRADE OF MARAGING STEEL, BIG TIG WELD.
Base Metal: [8 NI(200) maraglng stesl plate 3/4 inch thlck, heat No, 3951217, vacuum remelted, MI!] annealed, aged after welding=915°F, 4 hrs, alr cool,
yleld strengths: 229,500 pst !l to R,D.; 224,900 psi | to R,D,
Weld: Tig weld (310-350 amps), 1/4 inch tungsten electrode, by Excelco Deveiopments Inc,

hotch Conditton: Machined V=notch sxtended by fstigus crack, all notches parallel to plate surtace.
Test Conditlons: Bar bending length was 6,00 inches, tests were conducted at room temperature,

Bar Length Yisual 3 Effective g

Related B d P/B Fatigue Kie B/M tromOYS/2 Kie Type of
to Plate Bar Bar Unlt Load Notch by NRL Pt Reciprocal of Compl i ance Comp | fance Lood-
Rolling Notch Width Cepth at Pop=in Depth Equation 10 nom Spring Constant Curve Method Def lection
Bar_No. Direction Locatlon {in) {in) {ib~1n) {in) (1000 gsl‘ln) Tvs ¢1n2/1b)(10-6) (in) (1000 psifTn) Curve
2l- 2 i BM »750 »751 7,600 .210 109.5 1,02 6.77 .210 118,0 F
21-3 tl BM 751 750 7,620 215 12,5 1.05 6.82 <215 119.0 F
21- 4 11 BM 751 751 7,800 «210 112.0 t.04 6,77 «210 12t,0 3
2l= 5 " BM #751 «751 7,000 .220 04,5 .97 6.77 .210 108,5 B8
21- 6 H BM <750 . 751 7,230 .225 110.0 1.02 6.89 .220 115.0 E
2]-7 " BM 751 « 751 7,320 0225 (11.5 (.04 6.87 «220 116,0 F
2]-8 H [: ] .751 751 7,640 <215 2.0 1,05 6.72 .2l0 118,5 E
21- 9 " BM 751 . 751 7,830 +215 115.0 1.07 6.85 <215 122,5 E
21-1t n [: ] .750 +750 8,110 210 117.0 1.09 6.81 .215 127.0 E
21-12 1 BM . 750 750 8,030 «215 8.5 I.10 6,79 .215 125.5 E
21-13 1 BM 751 751 7,720 .210 .o 1.03 6.81 2215 121.0 F
21-14 11l BM «750 «750 7,730 «220 115.5 1.08 6.81 215 12i.0 E
2]-15 H M .751 751 7,480 .215 109.5 1,02 6.88 .220 119.0 E
21-16 ] M 751 751 7,480 <225 114.0 1,06 6.96 .225 120.0 E
21-17 [ BM 750 .750 7,320 W215 108.0 1.0l 6,87 .220 16,0 F
21-18 1 BM «751 749 6,740 .230 105,0 .98 7.23 «240 12,5 E
21-19 i BM 750 +750 7,600 2215 112.0 1.04 6,92 .220 120,5 F
21-20 I BM JT51 «750 7,590 .210 109.5 .02 6.8t W215 118.5 F
21-21 1 BM 750 . 750 7,730 .210 11,5 1,04 6,77 .210 120.0 F
21-22 1 oM 750 750 7,490 230 116.0 1,08 6,92 .220 119.0 E
21-23 I B4 749 «750 7,820 215 15,5 1,07 6.78 .215 122,5 3
21-24 1 BM 750 750 7,680 .220 15,0 1.07 6.91 220 122.0 F
21-25 I BM 751 . 750 7,940 .220 119.0 Il 6.91 .220 126.0 E
21-26 I M . 750 .751 7,680 -235 121.0 113 7.08 .250 125.0 E
21-27 1 BM . 750 .735 7,760 .230 126.5 .18 7,36 .245 130.5 E
21-28 I eM .750 .751 7,070 .250 16,5 [N 7.39 .245 1s,0 E
21-29 1 BM 751 . 750 8,070 .220 121,0 .12 0,83 215 126,5 E
21-30 " BM 751 »750 8,230 .210 118,5 1.10 6,75 .210 127, E
Statistics of K¢ values (Eq, 10): Mean - 113,84, c,v. - ,044, 95% conf. IImits: (11,9 = 115,8, 90% cont, limits: 112,2 - 115,4
XIV-BA- 1 1 Cn .751 <751 9,590 .25 97.5 .98 .71 e, 0 c
XIV-BA- 2 1 Cn 751 <751 8,960 25 91.0 Y PR 15,0 s
XIvV-BA- 3 1l CW .750 750 7,080 .230 19.5 1,14 7.15 129,49 F
X1V-BA- 4 1 o .750 .75% 7,130 220 106,53 1.02 [ iy F
XI¥-BA- 5 1 W 750 750 4,930 +290 95.0 £93 3,49 1.0 F
X1¥-BA- 6 1 CW 750 <751 6,610 250 1i0.0 1,05 7028 1z, F
XIV-8A- 7 1 o] . 749 750 6,080 230 104.0 .99 6,97 10,0 F
XIV-BA- B 1 CW .750 +750 6,010 .230 102.5 .98 7.12 iy F
XIV-BA- 9 1 CW 751 751 7,620 . 235 120.0 [e15 7.0uL 126,49 F
X1¥-BA- 10 1 (s} 751 751 6,280 «255 106,5 1.02 7.47 1100 F
XIV-BA-11 1 W .750 «751 6,090 .245 99,5 ] 7.40 108, 4 F
X1Y-BA-12 1 oW 751 .751 8,810 .205 124,5 lo 18 G.uY 156,49 0
XIV-BA-13 1 > 750 .750 7,470 .220 112.0 .06 (R 120.% F
XIV-BA- 14 1 o 751 751 8,040 210 115.5 .10 6,02 125,0 F
XIV-BA-15 1 W . 751 751 6,920 «215 101.5 .96 6,09 1. F
X1V-BA=-16 1 =] . 750 751 7,080 .225 107.5 r.o02 6,77 1,0 F
XI1¥-BA-17 1 o .750 751 7,800 .220 11c,5 [ ] 6,60 121,0 F
XIV-BA-18 1 o™ <750 .751 9,550 .200 132,0 1.20 6,32 134, Y E
XIV-BA-19 1 v 750 751 9,190 .220 (37.5 .30 0,07 144,0 F
Statistics of Kic values (Eq, 10): Mean -~ 110,47, c.v. ~ .112, 958 conf. IImits: 104,5 - 11G,4, 90% conf, limits: 105.5 - 115.,4
X|V-BC- 3 1 FZ 751 750 8,580 .250 143,5 t.37 7.20 .240 141.5 E
X1y-BC~ 4 1 FZ L7510 <750 10,650 .210 148.5 .46 6,61 .200 160,0 E
XI1y-8C- 5 1 FZ L7501 750 11,080 <195 151.5 1,44 6,36 . 185 199,5 E
Xly-8C- 6 1 FZ . 750 .751 2,970 .185 130.5 1.24 6.22 175 140,0 E
Xiv-gc- 7 1 FZ .750 .750 92,490 .185 124,5 I 19 6.27 175 135.5 E
X1v-BD- 4 1l FZ 751 750 9,480 .230 147.0 r.41 6.97 .220 149,0 E
XIV-BD- 5 1 FZ 750 «750 10,530 .210 151.5 .44 6.51 .200 158,0 E
X|IV-8D- 6 1 FZ 151 W751 i1,130 .200 154,0 I.46 6.33 . 180 158,5 €
X|y-80- 7 1 FZ .750 «751 9,840 215 144,0 1.37 6.43 190 144,0 E
Statistics of ch values (Eq, 10): Mean - 143.89, c.v. - .070, 95% conf. IIimlts: 136,2 - 151,6, 90X conf. llmits: 137.7 - 150.1
XI1¥-BC- 8 A HAZ 750 751 8,880 .245 144,5 1.39 7.19 »235 144.5 E
XI1¥-8C- 8 )y HAZ 750 .750 7,410 .260 128,5 l.24 7.35 .245 123,5 E
Xiv-BB- 3 ] HAZ 751 .751 8,010 «235 126,5 1.20 6.92 .220 126,5 F
XIlY-BD- B J HAZ . 750 2751 11,920 .190 159.0 1.52 6.28 175 167,5 E
XIv-80- 9 ] HAZ 751 .751 10,200 215 149,5 1.42 6.76 .210 157.0 E
Statistlcs of Kjc volues (Eq. 10): Mean - 141,60, c,v, ~ .098, 95% conf, limits: (24.3 ~ 158.9, 90% conf. limits: 128,3 - 154.9
X1vy-88- i ] o8 751 .750 9,370 .210 135.0 1.29 6.71 .205 142,5 F
XIv-86~ 2 p [2::] 751 <751 8,790 .205 124,0 1.18 6,54 195 130.0 F
X|y-88- 4 1 [21:] 751 . 730 8,310 .210 120,0 l.14 6,61 .200 125,0 F
X1V-88- 5 B [1:] L7510 . 750 4,360 «220 125,0 .19 6,76 .210 129.0 E
X1¥-B8~ 6 J [v:] 751 . 751 9,160 .25 34,5 1.28 6.58 .200 138.5 E
X1v-e8- 7 ] o8 751 .751 8,150 220 21,5 l.16 6,64 .205 124,0 E
Xiy-BB- 8 J > <750 - 9,040 .220 135,0 1,29 G,42 <190 132.0 E
Xilv-88- 9 § 2] 751 751 9,450 .210 136.0 1.29 6.46 . 190 138.0 E
Xiv-8B-10 B 2.:] <750 «751 6,880 210 127.5 1.21 6.61 .200 133,5 E
X1v-BB-11 ] o8 751 .751 9,210 .210 132,5 1.26 6.56 .195 136.5 E
X|V-8B-i2 p [o):] *.750 751 8,450 215 124,0 .18 6,70 .205 128.5 E
X1v=-gB-13 ] [».:] .750 »750 6,670 .250 103.5 .99 6,84 .215 104,0 E
X|v-B8-14 ] 08 L7510 751 8,030 .220 1290 1,22 6.66 .205 131.5 E
X1V-BB-15 1 o8 .750 .751 0,640 .220 129.0 1,23 6.75 .210 133,0 E
X{V-BB-16 ] 08 .750 .751 1,950 .215 125,0 112 6.66 .205 129.5 E
X1¥-86-17 ] o] . 750 L 751 8,290 L2250 128,0 1.22 6,90 .220 130.5 E
X1V<BB-18 1 08 .75¢ 751 7,860 250 12t,5 116 6,90 .220 123,5 E
X1V-BB-19 1 oe 751 .750 4,390 L2 123,5 .17 6,69 . 205 127.5 3
X1V-BB-20 ] 08 . 750 751 4,560 L2z 127.0 1,21 6,82 .25 130.5 €

Statistics K¢ valuas (Eg. 10): Mean - 126,40, c.v, - .05, U4% cunf. timits: 122, = 150.0, 108 conf. limits: 125,84 - 129.4
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TABLE 19, FRACTURE TOUGHNESS TESTS OF PLATE NO, 22, 200 KSi GRADE OF MARAGING STEEL, MIG WELD
Base Metal: (8 NI (200) maraging steel plate 3/4 Inch thlck, heat No, 3951215, vacuum remelted. Mill annealed, aged by Excelco before welding, aged after
welding=915°F, 4 hrs, air cool, yield strengths: 225,000 psi Il to R.D,; 228,400 psl | to R,D,
Weld: Mig weld by Excelco Developments Inc.
Notch Condition: Machlined V-notch extended by fatigue crack, all notches parallel to plate surface.
Test Conditlons: Bar bending length was 6.00 inches, tests were conducted at room temperature.

Bar Length Visual g Effective g
Related B d P/B Fatlgue Kie B/M from OYS5/2 Kic Type of
to Plate Bar Bar Unit toad Notch by NRL Snem Reclprocal of Compliance Compliance Load~
Rolling Notch Width Depth at Pop-in Depth Equation {0 n Spring Constant Curve Method Def lection
Bar No. Oirection Location (in) (in) (lb-in) (in) ¢1000 psifin) Svs ¢in2/1by(10-6y (in) 1000 psi{inm) Curve
Xy-BA- | 1 o «750 .750 5,630 »205 79.5 .75 6.40 175 79.5 D
XV-BA- 2 A CW . 750 «750 5,100 .200 71.0 .66 6,29 165 70.0 F
XV-BA- 3 ! o] <751 <750 5,220 .200 72,5 .68 6.28 . 165 71.5 1]
XV-BA- 4 ] cW .750 751 5,520 .195 75.0 .70 5.98 . 140 69.0 1]
X¥Y-BA- 5 J CW .748 . 751 5,940 .200 82,0 77 6.17 - 155 78,5 0
XV-BA- & ] Cw .750 .750 5,600 . 185 73.5 .69 6.06 . 145 71,5 0
XV-BA- 7 J o] 750 . 751 3,860 .325 78.5 .84 8.88 .305 74,0 F
Xv-BA- 8 1 [« ] . 750 .751 4,380 .245 71.5 .67 7,02 215 69,0 D
XV-BA- 9 J W .750 . 750 4,160 345 98.5 1.00 9.32 M -— F
XV-BA-11 ] ] .750 .750 5,040 .200 70.0 .66 6.10 . 150 65.0 F
XV-BA-12 ! (2] . 750 .750 4,940 .210 7i.0 .67 6,32 .170 68,5 F
XV-BA-13 ] W . 748 752 5,740 .205 81.0 .76 6,15 . 155 75.5 D
XV-BA-i4 ] W 749 .152 5,800 . 195 78.5 .74 6,06 . 145 74.0 F
Xv-BC- 3 ] o . 750 . 751 5,760 <175 72,5 .68 6.17 . 155 76.0 F
Xv-BC- 4 i e ] .750 751 5,600 .80 72,0 .68 6.13 .155 73.5 F
XV-BC- 5 1 CH .750 751 5,600 . 185 73,5 .69 6,43 . 155 3.5 F
XV-8C- 6 1 >} . 750 .750 4,190 .250 70,0 .66 7.22 .225 68.0 c
Statistics of Kjc values (Eq. 10): Mean - 75,91, c,v, - .092, 95% conf. limits: 72.3 - 79.5, 90§ conf, limits: 72,9 - 78.9
XV-BC- 7 1 FZ .750 .750 4,880 .200 68.0 .63 6.32 170 68.0 c
X¥-BC- 8 1 FZ 750 .750 6,450 .235 102.0 .96 6.79 .200 97.5 F
Xv-BC- 9 1 FZ . 750 .750 9,140 .195 128.5 1.20 6,25 . 165 128.0 F
Xv-BC-10 1 FZ .750 .750 7,650 .225 116.5 .o 6.96 .210 18,5 F
Xv-8D- 4 1 FZ .750 751 1,330 . 185 148.5 1,39 6.16 . 155 150.5 E
XV-BD- 5 1 FZ .750 .749 6,720 .200 93.5 .88 6.50 . 180 96.0 A
Xv-8D- 6 1 FZ .750 .750 10,800 . 190 144,0 1,35 6.10 . 150 141.0 F
Xv-8D- 7 1 FZ .750 750 5,390 .255 91.5 .87 7.37 .235 88,5 E
Statistics of K| values (Eq. 10): Mean - 111,56, c.v. - .250, 95% conf. limits: 88,2 - 134.9, 90% conf, limits: 92.9 - 130.3
Xv-88- 1 J HAZ .750 751 6,800 .255 115.5 1.09 7.50 .240 113.0 E
Xv-88- 2 g HAZ 749 .752 7,020 .255 118.5 112 7.31 .230 14,0 4
Xv-8B- 3 1 HAZ . 750 .751 8,350 235 131.5 1.23 6.96 .210 129.5 E
Xy-88- 9 1 HAZ .751 .750 8,180 .225 1245 1.17 6.83 205 125.5 E
Xy-8B-13 1 HAZ 751 . 750 9,350 .215 138.0 1.29 6.66 .195 139.5 E
Xv-BB-16 i HAZ .750 751 6,450 .265 113.5 1.08 7.61 .250 109.5 E
Xv-88-17 J HAZ 751 751 8,680 .220 129,.5 1.2i 6.73 «200 131.0 E
Xv-88-18 HAZ .750 . 749 8,000 .230 124.5 L7 7.0l .215 125.5 E
Xy-8B-19 ] HAZ .750 751 7,550 .245 123.0 I 16 7.23 .230 122,5 E
Xv-BB-21 N HAZ .749 751 9,750 . 195 132,5 F.24 6.37 <175 137.0 E
Xv-BB-24 | HAZ .750 .750 8,510 .220 127.5 .19 6.71 195 127.0 I3
Statistics of Kjo values (Eq. 10): Mean - 125,32, c.v, - .060, 95% conf. limits: 120,3 - 130.4, 90% conf. limits: 121.2 - 129.4
XV-8B- 4 | oB . 749 .752 5,870 .295 114.5 [N 8.40 .285 106.5 E
Xv-BB- 5 g oB . 751 .749 7,380 .230 115.0 1.08 7.08 .220 E17.5 E
XV-BB- 6 ] DB . 749 <751 7,050 .235 .o 1,04 7.20 .225 13,5 F
Xv-BB- 7 i oB 750 751 6,590 .250 1o.o 1.04 7.29 .230 07,0 E
Xv-8B- 8 i oB . 748 .751 7,380 .230 114,0 1.07 6,96 .210 1a.5 F
XV-BB-10 ] DB . 749 . 749 8,320 .220 125.0 1.7 6.76 .20 126.0 E
Xv-BB-11 ] DB 2751 751 6,820 .245 1.0 1.05 7.34 .235 12,0 E
Xv-BB-12 ] [ol:] 750 .751 7,570 .230 17,0 .10 6,77 .200 14,5 E
Xv-B8-14 ] o=} . 750 . 749 6,000 .285 14,0 1.10 8.12 .275 107.0 E
XV-BB-15 ] o8B .750 . 750 7,310 .240 117.5 Lt 7.01 215 115,0 E
Xv-BB-20 ] [ol:] .751 - 749 5,810 300 117.0 13 8.45 .290 106.5 E
XV-B8-22 1 0B .750 751 6,590 .255 1z.o 1,06 7.63 .250 12,0 F
XV-BB-23 1 0B .749 .750 6,220 .255 106.0 1.00 7.3% 235 02,5 E
Statistics of Kjc values {Eq. 10): Mean - 114,15, c.v. - 040, 95% conf. limits: I1l.4 - (16,9, 90% conf. limits: 111.9 - 16,4

M = Missed calibration curve
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TABLE 20, FRACTURE TOUGHNESS TESTS OF PLATE NO, 23, 200 KS] GRADE OF MARAGING STEEL, BIG TIG WELD.

Basa Metal: 18 Ni(200) maraglng steel plate 3/4 inch thick, heat No. 3951215, vacuum remeited. MIIi| annealed, aged after welding-915°F, 4 hrs, air cool,
yletd strengths: 225,200 psi |1 to R.D,; 228,400 psi | to R.D.
Weld: Tlg waeld (310-350 amps), 1/4 Inch tungsten electrode, by Excelco Developments Inc,
Notch Condtion: Machined Y-notch extended by fatigue crack, all notches paraltel to plate surface.
Test Conditions: Bar bending length was 6.00 inches, tests were conducted at room temparature.

Bar tength Visual g Effective a
Related B d P/B Fatigue Kic B/M from9Y5/2 Kic Type of
to Plate Bar Bar Unit Load Notch by MRL Ps Raciprocal of Compl Tance Complianco Load-
. Rolllng Notch Width Depth at Pop=In Depth Equation 10 "M Spring Constant Curve Mathod Deflection
Bar No. Direction  Locetion  (In) ~ (In)  (ib-im)  _(in)  (I000 psfTm) __O¥s (in2/ib)(10-6) tin) (1000 psifTm) Curve
23- 9 ] BM .751 .750 8,520 .210 123,0 1.15 6.66 .200 126.0 3
23-10 ] B 751 751 8,280 .230 128,0 1.20 6.82 .210 125.5 €
23-11 ] BM .750 .751 7,710 .240 1235 .16 6.94 .215 118.5 F
23-12 ] M 2751 751 8,520 .220 1275 1.19 6.66 200 126,0 3
23-13 ] BM 751 .750 8,890 .210 128,0 1,20 6.49 .185 126.0 E
23-14 7 BM 751 .750 8,310 .230 129.0 1.21 6.72 .200 123,0 £
23-15 ] M 751 .751 8,790 .210 126,5 1.18 6.64 ,200 130,0 F
23-16 ] BM .750 .750 7,310 .270 131.0 1,25 7.72 .260 1250 3
23-17 ] BM 751 .750 8,520 .220 127.5 1,20 6.77 .205 127.5 E
23-18 ] BM 751 751 9,040 .200 125.0 1,17 6.58 . 190 130.0 E
23-19 N BM 750 . 750 8,400 .210 12t.0 1,13 6.81 .205 126.0 E
23-20 ] BM 751 .750 9,240 .200 128.5 1,20 6.51 .185 130.5 E
23-22 N BM 750 751 9,090 .200 125.5 .18 6.49 . 185 128.5 F
23-23 y BM .750 751 8,370 220 125.0 117 6.78 .205 125.5 E
23-24 ] BM 750 751 9,120 ,200 126.0 .18 6.50 .185 129.0 E
23-25 ] BM .750 751 9,570 .195 130.0 1.22 6.53 .190 137.5 E
23-26 ] BM 750 751 8,850 .210 127.5 1.19 6.72 .200 150.5 E
23-27 1 BM 750 751 9,090 .210 130.5 1.22 6.52 . 190 130.5 £
23-28 1 BM .750 751 8,450 .230 130.5 1.23 6.87 210 128,0 £
23-29 1 BM 750 751 9,230 .200 127.5 1.20 6.44 . 180 128.5 £
Statistics of Kjc values (Eq, 10): Mean - 127.05, c.v. - .02l, 95% conf. limits: 125.8 - 128.3, 90% conf. limits: 120,1 ~ 128.1
XV-AA- | 1 oW 751 751 6,520 .240 104,5 1.00 7.18 .230 103.5 A
XV-AA- 2 1 ow 751 751 7,400 .220 110,5 1,03 6,72 .205 110.5 A
XV-AA- 3 1 o 751 751 7,400 .225 12,5 1.07 6.64 200 109.0 3
XV-AA- 4 1 oW 751 .750 8,190 200 114,0 1.08 6.34 175 12,5 c
XV-AA- 5 tl o 752 751 5,900 215 86,5 .82 6.66 .200 87.0 c
XV-AA- 6 11 W .750 751 6,610 .270 118.0 [NE) 7.53 .250 1079 £
XV-AA- 7 1 =] 750 . 750 8,920 .200 124.0 118 6.44 185 12¢.5 F
XV-AA- 8 1 o 751 .750 7,910 .260 136.5 1.32 7.46 .250 151.0 F
XV-AA- 9 1 o .750 . 750 6,670 .210 96,0 .91 6.57 N 91,0 E
XV-AA-10 i o™ 750 .750 6,110 .255 103.5 49 7.29 .240 9.0 c
XV-AA-I | 1 oW L7510 750 7,950 .230 123.5 1.18 ©.75 .208 18,5 F
XV-AA- 12 I o .750 751 9,200 .205 130,0 1.23 c.47 185 130.0 €
XV-AA-13 1 oW 751 750 9,990 .185 131.0 1.25 6. 19 165 135.0 F
XV-AA-14 1 (o] . 750 .750 6,240 .210 90,0 .85 0.09 .200 Gl B
XV-AA-15 1 o .750 751 6,910 .215 101.5 .96 6,69 . 200 102.0 c
XV-AA-16 1 =] .750 751 7,600 195 103.5 .98 6.27 170 102.5 A
XV-AA-17 11 =] 751 751 8,470 .205 119.5 o4 .84 L 165 120.0 £
XV-AA-18 1 o 751 750 9,130 .210 131.5 1,25 6.40 185 129.5 C
XV-AA-20 1" o™ 750 .751 9,330 170 115,0 111 6.15 160 122.5 v
Statistics of K|¢ values (Eq. [0): Mean - 113.24, c.v. - 127, 95% conf. limits: 106,35 - 120.2, 0% conf, limits: 107.0 - 11,0
XV-AC- 3 1" Fz 750 751 8,690 .220 130.0 1,23 6.65 .200 [PZRA F
XV-AC- 4 1 Fz .750 .750 10,750 .210 155.0 1.47 6.43 L185 1515 C
XV-AC- 5 1l Fz .750 751 10,510 .200 145,5 1,38 6.38 . 160 1455 E
XV-AC- 6 N FZ 751 .750 12,440 175 157.0 1.50 6. 10 . 160 161.0 €
Xv-AC- 7 1 FZ .750 751 7,730 .260 133,5 1.28 7.36 .245 130, €
XV-AC- 8 B} Fz .751 .750 9,530 215 140,5 1,33 6.48 L1990 136.9 C
Xy-AC- 9 1 Fz 750 .750 10,000 .185 131.0 1.25 6,17 165 152,0 C
XV-AC-10 1 FZ 751 L7514 9,930 .215 145.5 1.39 6.58 .200 1405 3
Statistics of K| values (Eq. 10): Mean - 142,25, c.v. - ,073, 05§ conf, limits: 133,6 - 150.9, 90% conf, limits: [35.3 - 142.2
XV-AB- | I HAZ 751 750 8,630 .240 139,0 1,33 7.16 .230 130.% 3
XV-AB- 2 1 HAZ 751 751 9,910 .220 148.0 1,40 6.83 .210 151.5 E
XV-AB- 4 11 HAZ . 750 L7510 9,770 .230 151.0 1,44 6.75 .210 14,0 E
XV-AB- 5 1 HAZ .750 751 9,360 .230 144.5 1.38 6.79 .210 145.0 €
XV-AB- 6 1 HAZ 751 751 9,130 .240 146.5 1.41 7.04 .225 146.0 £
XV-AB- 7 1 HAZ 750 751 10,000 .220 149.5 1,42 6.85 .215 154.5 E
Xv-AB- 8 I HAZ 749 751 9,370 240 150,5 1.43 6,90 .215 145,0 E
XV-AB- 9 I HAZ 751 751 10,080 .230 155.5 1.49 6.81 .210 154,0 3
XV-AB-~10 1 HAZ L7510 751 t,160 .210 160.5 1,52 6,49 . 190 159.5 E
XY-AB-11 1 HAZ .750 .751 9,440 .225 143,5 1.36 6.83 .215 146.0 E
XV-AB-12 1 HAZ 751 751 9,240 .230 142,5 1.36 6.86 .215 143.0 E
XV-AB-13 1 HAZ 751 750 9,920 225 151.0 1.43 6.85 .215 153,0 3
XV-AB-14 1 HAZ 751 .750 9,880 .230 153.5 1,46 6.81 .210 151,0 E
XV-AB-15 I HAZ 751 751 10,710 .200 148.0 1.41 6.33 .180 1495.0 E
XV-AB-16 " HAZ .750 .750 10, 160 .225 155.0 1.47 6.75 205 152.0 3
XV-AB- 17 1 HAZ L7510 751 9,560 .225 145,5 1.38 6.79 .210 146.0 3
XV-AB- 18 1 HAZ 751 .750 10,200 220 152.5 1,45 6,74 205 152.5 3
Xv-AB-19 " HAZ 751 . 751 10,450 225 159.0 1.51 6.73 .205 156,5 E

Statistics of K values (Eq, 10): Mean - 149,75, c.v. - .038, 95% conf, limits: 146.9 - 152,6, 90% conf. limits: 147,4 - 152,
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TABLE 2). FRACTURE TOUGHNESS TESTS OF PLATE NO, 24, 200 KS1 GRADE OF MARAGING STEEL, SHORT ARC WELD
Base Metal: 18 Ni(200) maraging steei plate 3/4 Inch thick, heat No. 3951215, vacuum remelted. Mill annealed, aged after welding-9i5°F, 4 hrs, air cool,
yleld strengths: 225,200 psi Il fo R.D.; 228,400 psl | to R,D,
Weld: Short arc weld by Excelco Developments Inc.
Notch Condition: Machined V-notch extended by fatigue crack, all notches parallel to plate surface.
Test CondItlons: Bar bending length was 6,00 inches, tests were conducted at rcom temperature.

Bar Length Yisual g Effective g
Related B d F/8 Fatigus Kie B/M fran 0Ys/2 Kie by Type of
to Plate Bar Bar Unit Load Notch by NRL Reciprocal of Compliance Comp |l ance Load~
Rolling Notch Width Depth at Pop=In Depth Equation )0 %.M Spring Constant Curve Mathod Deflection
Bar No. Dlrection Location (In) (1n) (Ib=in) (in} {1000 psifin) YS (in2/15)(10-6) (in) (1000 pslm Curve
24-10 1 BM . 749 <745 8,170 235 128.5 .24 7.30 230 134.5 E
24-11 1 BM 750 .750 8,960 .210 129,0 1.21 6.68 .195 133.0 E
24-12 1 BM +750 750 7,310 «250 122.0 1.15 7.34 .235 1220 E
24-13 1 = 750 «751 9,330 195 127,0 1.19 6.48 . 180 131.5 E
24-14 1 BM 750 «750 8,800 .205 124.5 117 6,63 .190 128,5 E
24-15 i BM +750 750 8,050 <240 129,5 1.22 7.26 230 132,5 E
24-16 1 BM .750 »750 8,110 230 126.0 1.18 7.13 .220 129.5 E
24-17 1 B .749 <745 9,350 «200 132.0 .24 6,66 195 138.5 E
24-18 1 BM .745 749 8,380 230 130.5 1.23 6,96 <215 132.0 E
24-19 1 BM . 749 .751 9,400 .205 132.5 1.24 6.55 .185 134.5 E
24-21 1 BM . 749 .750 9,400 .200 131,0 l.22 6.56 . 185 134,5 F
24-22 1 BM . 749 .750 9,430 .190 126.0 I.19 6.48 .180 133.0 F
24-23 1 BM 749 .750 6,880 «275 135.5 1.20 7.91 .260 122,5 E
24-24 1 BM 749 745 9,270 195 128.0 1.20 6,68 .195 137.5 F
24-25 1 BM <750 .750 9,170 .200 127.5 1.19 6.58 .190 133,5 F
24-26 1 B .750 .750 9,630 .195 131.5 1.23 6,53 185 138.0 F
24-27 1 BM 750 .750 9,170 .190 129.5 122 6.48 180 137.0 F
24-28 1 BM .750 749 9,200 .205 130,5 1.23 6,72 .200 138.0 E
24-29 1 BM .749 . 750 8,700 210 125.5 .17 6.85 .205 135,0 F
Statistics of K. values (Eq. 10): Mean - 128,24, c.v, - .022, 95% conf. |Imits: 126,9 ~ 129,6, 90§ conf, |lmits: 127,1 -~ 129.4
XY|-AA- 9 3] W «750 .750 4,200 .205 59.5 .56 6,71 .205 3.5 c
XVI-AA-10 W .749 .750 4,070 .210 58.5 .56 6,84 2210 62,5 [+
XVI-AA-1 1| CW 749 » 750 4,390 .205 62.0 .59 6,75 210 67.0 F
XY |-AA-12 W 751 750 4,480 75 56.5 .54 6,40 .180 62.0 o}
XVI-AA-13 Cw .750 750 3,600, 210 52,0 <49 6,95 .220 56.5 A
XVI-AA-14 O »750 . 750 4,210 . 190 56,0 .54 6,26 195 61.0 F
XY -AA- |5 CW 750 .750 4,530 . 180 58.5 .56 6,46 .185 63.5 [
XVI-AA- 16 W .751 .750 4,110 .195 56.0 .53 6.53 . 195 59.5 F
XV [-AA-17 od .750 . 751 4,050 .200 56.0 .53 6.75 -205 61,0 F
XV |-AA-18 o .750 751 4,510 .225 68,5 W65 6,98 .220 71,0 F
XVI-AA-19 W . 750 2751 4,930 .180 63.5 .60 6,28 75 67.0 F
XV 1-AA-20 CH «750 751 4,240 .205 60,0 .57 6,79 .2lo 65,0 F
XVI-AC- 3 CHW . 745 . 749 2,820 «350 63,0 .71 10,30 M --- E
XVI-AC- 4 W . 750 .750 3,730 .190 50.0 .48 6.53 «190 53,5 B
XV1-AC- 5 oW . 749 . 751 7,050 . 180 9.5 .87 0,35 .180 97.5 F
XVI-AD- 7 W +750 <750 3,490 »245 57.0 .55 7.35 .240 58,0 A
Statistics of Kjc values (Eq, 10): Mean - 60.78, c.v. - ,154, U5% conf. limits: 55.8 - 65.8, 90% conf. limits: 56,7 - 64.9
XVI-AC- 7 il Fz .750 751 9,170 . 185 120,0 1.15 6.42 .185 130.5 F
XVi-AC- 8 1 FZ .750 750 8,210 . 185 107.5 1.03 6,37 . 180 115.0 F
XY|-AD- 4 ] Fz »751 750 7,510 .220 12,5 107 6.95 .220 120.5 E
XV|-AD- & 1 Fz 750 750 8,090 .205 14,5 .09 6,70 .205 123.5 E
XV1-AD- 8 H FZ . 749 .748 7,290 .225 1.5 1,06 7.13 .230 121.0 E
XVI-AD- 9 1 FZ +750 »750 6,930 .240 1.5 1.07 7.20 255 116.5 E
XV1-AD-10 1 Fz 750 »751 7,950 +205 112,0 1.07 G.58 «200 19,5 E
Statistics of K| values (Eq, 10): Mean - 112,79, c.v, - ,034, 95% conf. limits: 109.3 - 116,3, 90% conf. Ilmits: 110.0 - 115,86
XY|-AB- S [} HAZ +750 «750 7,310 .240 117,5 1.12 7.13 .230 121,0 E
XV1-AB- 6 I HAZ <750 749 8, 160 .195 HI.5 1.06 6.41 .185 116.5 E
XV1-AB- 8 1 HAZ «750 «750 8,190 .210 118,0 I.12 6.70 .205 125,0 E
XV1-AB- 9 B HAZ 751 .750 8,390 .200 116.5 [} 6.48 .190 122.0 E
XV]~AB-10 3] HAZ 749 .750 8,180 <215 120.5 1.15 6,73 .210 27,0 E
XV|-AB-16 1 HAZ 749 . 751 8,200 .215 120,0 i.14 6.78 .210 127,0 E
XV1-AB-19 ] HAZ 7439 .750 8,750 .200 121.5 115 6.56 .195 129.0 €
XV|-AB-20 11 HAZ 750 .750 7,890 .190 105.5 1,00 6.54 .195 16,5 E
Statistics of Kjc values (Eq. [0): Mean - 116,38, c.v. - .046, 95% conf, limits: 111.9 - 120.9, 90f conf, limits: 112.8 - 120.0
XY1-AB- | H DB .750 .750 8,560 .200 119,0 113 6.52 .195 126,5 E
XV1-AB- 2 1 o8 +750 749 7,890 .200 109.5 1.04 6,48 190 14,5 F
XVI-AB- 3 B b8 749 748 7,770 . 190 104,5 .99 6,38 .185 .o E
XV|-AB- 4 11 22] 751 751 7,990 .210 115,0 1.09 6,55 .95 18,0 F
Xvi-AB- 7 il [v:] 749 751 7,480 +200 103.0 .98 6,64 .200 112.5 F
XV[-AB-11 N DB . 750 .750 8,800 . 190 7.5 .12z 6.31 .180 123,0 F
XVI-AB-13 il 08 .750 750 6,960 .220 104,0 .99 7.00 .220 1i,s F
XV|i-AB-14 il bB -749 .750 6,970 .220 104.5 .99 6,94 220 1ni.s E
XY|-AB-15 i 2] .750 .750 8,510 .195 116,0 I.10 6,49 .190 123.5 E
XV1-AB-17 i DB 751 .750 6,920 <210 99.5 .95 6.79 210 107.5 c
XVI-AB-18 1 D8 «750 751 7,520 .200 04,0 .99 6.67 .205 115.0 [
Statisitcs of Kje values (Eq. 10): Mean - 108.82, c.v, - ,063, 95% conf. fimits: 104.2 - [13.4, 90F conf, limits: 105.1 ~ 112.6
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TABLE 22. AVERAGE K| FRACTURE TOUGHNESS [N PLATES WELDED BY EXCELCO DEVELOPMENTS INC,
Heat Average Kjc Values Based on Visual a
Number Tests Bar Axist!) and NRL Equation 10.
18 Ni Used for Test in Relation to (1000 psifin)
Steel Weld Zone Plate Plate Rolling
Type Tests Nos. Welding Method Direction BM CW Fz HAZ DB
250 X 14636 2, | Little TIG il 84.5 83.5 100.5 94,0 92.5
250 X14636 l, 2 Little TIG 1 76.5 69.5 8l.0 74,5 67.0
250 X53013 8,10 Big TIG 1 92.5 104.0 120.5 128.5 121.0
250 X53013 10, 8 Big TIG 1 85.5 95.5 107.5 ==~ 89.0
250 X 14636 6, 5 MIG [l 88.0 78,0  ———=- 107.0  98.5
250 X53013 5, 6 MIG 1 78.0 71.5 84.0 93.5  89.5
250 9 MIG on heat I 83,5 —— —— —— ——
250 X53013 9 treated on plate 1 —— 72.5 81.0 —— -——
250 X53013 7,11 Short Arc I 87.0 69.5 -—— 104.5 ———-
250 X53013 ', 7 Short Arc 1 83.0 58.0 97.5 90.0  88.0
200 3960819 5,14 Little TIG I 120.5 (11,0 (21,0 121.5  121.5
200 3951215 14,15 Little TIG 1 130.5 112.0 126.5 116.0 118.5
200 3951215 21,23 Big TIG i 14,0 113.0 142.5 (50.0 —=---
200 3951217 23,2I Big TIG 1 i27.0 110.5 144,0 i41.,5 126,5
200 3951217 19,18 M1G I 126.0 70.5 122.5 {07.5 100.5
200 3960819 18,19 MIG 1 95.5 62,0 115.5 113.5 109.5
200 MIG on heat I ———- -—— -
200 3951215 22 treated plate 1 - 76.0 I11.5 125.5 114,0
200 3951215 20,24 Short Arc [l 126,0 61.0 13,0 116.5 109.0
200 3951215 24,20 Short Arc 1 128.0 75.0 (34,0 145.5 115.5

(n

|| tests simulate a longitudinal seam weld in the rocket casing.
| tests simulate a girth weld.



TABLE 23, FORMULAS USED IN CALCULATIONS

By NRL equation 10:

Nele ! 3\ 4
ch—m 8 where R = 2,060 ?— o
and X =} - % .« Ly is the distance between outer and next inner load

points of the test bar.

By compliance method:
2
K= __J__qu < where ‘glc a % (g d (8/M)
da

- y?
In tests of maraging steel it is assumed that E = 27 x 108 psi and U= 0.3.
d(B/M) is the derivative of a compliance relation B/M = Q + Ra2 + 553 where
Th:acoefficienfs were computed from experimental values for B/M as a function
of increasing slot depth a in a calibration bar loaded fo produce a calculuted
maximum fiber stress of OYS/Z (see Table 24), Load F for calibration fiber

stress was calculated from the formula

2 8 (0 ys/z)d-a)2
3L

Calibration B/M = E_e where e is the beam deflection in three-point looding.

Statistics

Coefficient of variation:

Confidence |imits:

95% C. L.: O = .05

S

X = - + (n— - st . _
1 -X=P| R o (N=D), | CX/2<;,L<)‘<+VN— (N—1), 1 =072
90 C, L,: same formula as above except QX = .10

Fiber Stress
The maximum nominal fiber stress dnom in an unbroken ligament at the tip of

the fatigue crack at pop-in was calculated by the formula

qg, -2L_ (E)

2(¢-a)? | B
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TABLE 24, LIST OF EQUATIONS USED IN CALCULATING Ky BY COMPLIANCE

Plate No. Lz(::?llon Callbration Equation Used for Compilance Calculation of Kic'!)
1 BM B/M = 4.92 + 28,6842 + 33,392  (X1076)
7 BM B/M = 5,27 + 21.55a% + 51.65a>  (X107%)
7 o B/M = 5.14 + 29.81a% + 32,462  (X10°6)
7 FZ + HAZ B/M = 5.15 + 20,4922 + 58,518  (X1076)
8 BM B/M = 5,35 + 16,0522 + 73.69a>  (X10™5)
8 o B/M = 5.13 + 21.76a2 + 64.07a>  (X1075)
8 Fz B/M = 5,35 - 0,39a2 +131,37a>  (x1076)
8 DB B/M = 5,14 + 19,83a2 + 65.355>  (X1075)
9 BM B/M = 5.23 + 12,22a% + 76.41a>  (X1078)
9 oW B/M = 5.35 + 11,99a% + 99,482  (X1076)
9 Fz B/M = 5,33 + 14,8322 + 84,23a° (x10°6)
10 BM B/M = 4,97 + 30.65a2 + 19,662  (X1076)
10 o B/M = 5.17 + 31,9082 + 13,962  (x10°6)
10 FZ + HAZ + DB B/M = 5.19 + 29,33a2 + 25,31a>  (x1076)
1a BM B/M = 5,08 + 31,5022 + 18,942  (X1075)
14 oW B/M = 5.02 + 33,1822 + 20,002  (x1076)
14 FZ + HAZ + DB B/M = 5.10 + 38,1422 = 6,312>  (XI10°6)
15 BM B/M = 5,37 + 32,2622 + 30,662  (X1076)
15 ] B/M = 5,23 + 45,2222 - 13,962  (xi0"6)
15 FZ + HAZ + DB B/M = 5,22 + 38,0922 + 8,762 (X10-6)
18 BM B/M = 5,03 + 34,1182 + (1,232  (X1076)
18 o B/M = 5.07 + 29.85a2 + 29.02a>  (x1076)

i8 FZ + HAZ + DB B/M = 5,11 + 38,27a2 = 2.10a>  (X1078)
19 aM B/M = 5,43 + 35,0422 + 19,362  (X1078)
19 oW B/M = 5.26 + 43,1222 - 11,438 (X107}
I9 FZ + HAZ + DB B/M = 5.20 + 43,5622 - |1,292>  (X1076)
20 BM B/M = 5,33 + 36,66a% + 5,29a>  (X1076)
20 o B/M = 5,25 + 41,9522 - 10,292  (X10™6)
20 FZ + HAZ + DB B/M = 5,26 + 39,55a2 - 2.39a>  (x10~6)
21 BM B/M = 5,09 + 34,7522 + 11.5323  (X1076)
2| ] B/M = 5,05 + 29.05a2 + 29.89a>  (X1076)
21 FZ + HAZ + DB B/M = 5,08 + 37,9022 + 0,27a> (X10°6)
22 oW B/M = 5,28 + 35,1082 + 11,5823 (X10-6)
22 FZ + HAZ + DB B/M = 5,25 + 37,0582 + 4,632  (X(076)
23 BM 8/M = 5,28 + 32.94a2 + 12.60a>  (x1076)
23 o B/M = 5.24 + 34,3822 + 6,78a3 (X10-6)
23 FZ + HAZ + DB B/M = 5.27 + 27,72a% + 30.67a>  (X1076)
24 BM B/M = 5,36 + 27.8322 + 34,0723 (X10-6)
24 oH B/M = 5,30 + 26,2222 + 35,442 (X10-6)
24 FZ + HAZ + DB B/M = 5,28 + 24,0822 + 46,05a>  (X1076)

(1) Equations were a least squares fit to B/M compliance values as a function of
slot depth g in one or more calibration bars from each test lot. The
callbration load was adjusted according to slot depth to produce a calculated
maxImum flber stress of dys/z 1n the unnotched section. The upper |inear
portion of the load-deflection curve was used to calculate B/M,
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TABLE 25.

18 Ni
Maraging
Steel
Plate 8rade
Number (1000 psi) Weid Type
| 250 Little TiG
2 250 Little TI6
5 250 MIG
6 250 MIG
7 250 Short Arc
8 250 Big Ti6
9 250 MIG
10 250 Big TIG
I 250 Short Arc
14 200 Little TIG
15 200 Little TIG
18 200 MIG
19 200 MIG
20 200 Short Arc
21 200 Big TIG
22 200 MIG
23 200 Big Ti6
24 200 Short Arc

DISTRIBUTION OF TYPES OF LOAD-DEFLECTION CURVES

Types are illustrated in Figure il.
Values of 50 per cent or over are under |ined.

Distribution below is given as parts of one hundred percent,

Base Metal Center of Weld Fusion Zone Heat-Affected Zone Dark Band Area
A BCOEF ABC D EF ABCc D E€EF A B Cc D E F A BC D E F
65 12 23 0 0 O 6 6 18 12 0 S8 0 29 43 0 14 14 3 8 54 O 0 0 46 8 38 [ 8 0
24 52 4 20 0 O 8 8 27 19 8 30 33 17 50 0 0o 0 45 9 36 9 0 [ 24 38 38 0 0 0
0 17 60 17 0 6 o O Il 18 o0 1) - - = e - [T 0 0 0 86 33 o0 0 o 33 33
7 29 11 42 0O I 4 4 9 57 0 26 0 22 22 22 0 34 6 0 I3 54 o 33 0 o 0 89 (] I
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TABLE 26,

CRITICAL FLAW TOLERANCE AT CENTER OF WELDS SIMULATING A LONGITUDINAL SEAM WELD [N THE ROCKET MOTCR CASE

18 Ni Nominal Average Calculated Radius of Calculated Radius of
Maraging Hardness Hardness Center of Weld Semi-circular Surface Crack (a=c) Semi-circular Surface Crack (a=c)
Steel of Base of Center Mean K¢ Minimum Tolerated at 0.9 &yg Tolerated at 0.9 &yg
Plate Grade Metal Test of Weld Value K c Value Based on Mean Kj¢ Based on Minimum K|¢
Number {1000 psi) (Rc) Weld Type Direction (Rc) (1000 psifin) (1000 psidin) (in) SO
| 250 52 Little TIG I 50.5 83.5 60.0 .074 0.038
5 250 52 MIG Nl 49.0 73.5 64,5 .057 0,044
10 250 52 Big TIG I 43.0 104.0 92.5 L5 0.091
I 250 52 Short Arc I 50.0 69.5 59.5 .05) 0,038
14 200 48.5 Little TIG N 50.0 1.0 96.5 175 0.132
18 200 48.5 MIG Il 49.5 70.5 61.5 .070 0.054
23 200 48.5 Big TIG I 49.5 113.0 86.5 . 181 0.106
24 200 48.5 Short Arc nl 50.0 61.0 50.0 ,053 0,035
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TYPICAL LAYCUT CF BEND TEST BARS

The welds were made either perpendicular or paraliel to the principal
rolling direction of the base plate as indicated in Table |.
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CODE: CW -CENTER OF WELD FUSION ZONE
FZ_- EDGE OF WELD FUSION ZONE
HAZ- HEAT AFFECTED ZONE

DB - DARK BAND AREA

BM - BASE METAL

HAZ

CROSS SECTION OF WELD AREA SHOWING
DIFFERENT LOCATIONS OF STARTING NOTCH
TIPPED WITH FATIGUE CRACK

FIGURE 2
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i Bi 6 MIG MIG on heat Short Arc
WELDING METHOD- Little TIG ig Tl f on hea rt A
treated plate
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FIGURE 3
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STATISTCAL CHART CF FRACTURE TOUGHNESS TESTS MADE ON 18 Ni (250) MARAGING STEEL PLATE
3/4 INCH THICK WELDED TO SIMULATE A LONGITUDINAL SEAM WELD IN A RCCKET MOTCR CASE,

The 95 percent confidence limits are shown attached to the symbol for mean Kj¢ value.

The solid bar at the bottcm gives the coefficient of variation for the sample group.
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Little TIG Big TIG MIG MIG on heat Short Arc

WELDING METHOD-
treated plate J
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FIGURE 4

STATISTICAL CHART CF FRACTURE TOUGHNESS TESTS MADE ON 18 Ni (250) MARAGING STEEL
PLATE 3/4 INCH THICK WELDED TO SIMULATE A GIRTH WELD IN A RCCKET MOTCR CASE.

The 95 percent confidence limits are shown attached to the symbol for mean Kjc value.

The solid bar at the bottcm gives the coefficient of variation for the sample group.
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FIGURE 5

STATISTICAL CHART OF FRACTURE TOUGHNESS TESTS MADE ON 18 Ni (200) MARAGING STEEL PLATE
3/4 INCH THICK WELDED TO SIMULATE A LONGITUDINAL SEAM WELD IN A ROCKET MOTOR CASE,

The 95 percent confidence limits are shown attached to the symbol for mean K|c value.
The solid bar af the bottcm gives the coefficient of variation for the sample group.
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FIGURE 6
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STATISTICAL CHART CF FRACTURE TCUGHNESS TESTS MADE ON 18 Ni (200) MARAGING STEEL
PLATE 3/4 INCH THICK WELDED TO SIMULATE A GIRTH WELD IN A RCCKET MOTCR CASE.

The 95 percent confidence limits are shown attached to the symbol for mean Kyc value.

The solid bar at the bottom gives the coefficient of variation for the sample group.

0.50

0.40

0,30



Kie B8y

COMPLIANCE

METHO,
(1000 psi

in

170[-
160}
150
|40T—
130f
izo}-

1ol

70}
60|
sof-
a0
301

20

il
S ——Yu X

Y=24,12+ 0.970X

1 1 i 1 1 1 1

IR 1

1

10 20 30 40 S0 60 70

Kje BY NRL EQUATION 10 (1000psi V in)

SCATTER DIAGRAM OF RELATIONSHIP BETWEEN Kic CALCULATED BY
EQUATION 10 AND K). CALCULATED BY THE GOMPLIANGE METHOD IN
TESTS OF WELDED I8 Ni(250) MARAGING STEEL PLATES 3/4 INCH THIGK

80

Lo

90 100

FIGURE 7

1o

120

130

140

150

160

170



170
160
150
140
130
120

1o

100

Kic BY
GOMPLIANCE
METHOD

(1000 psiin}
80

70
60
50
40
30

20

Y *598+0.979X

1 | l | ! 4 1 1 1 | |

10 20 30 40 B0 60 70 80 90 100 110 120 130 140 150
Kjc BY NRL EQUATION 10 (1000psiVIn)

FIGURE 8

SCATTER DIAGRAM OF RELATIONSHIP BETWEEN K. CALCULATED BY
EQUATION 10 AND K;. CALCULATED BY THE COMPLIANCE METHOD IN

TESTS OF WELDED 18 Ni{200) MARAGING STEEL PLATES 3/4 INCH THICK
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FIGURE 9
SCATTER DIAGRAM OF RELATION BETWEEN K;. CALCULATED BY EQUATION 10

AND THE CALCULATED RATIO 0Jnpom/dyg IN TESTS OF WELDED 18 Ni (250)
MARAGING STEEL PLATES 3/4 INCH THICK
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DEFLECTION

FIGURE 11

TYPICAL LOAD-DEFLECTION CURVES OBSERVED [N THE SLCW BEND TESTS

Arrow indicates pop-in load used in K{c calculations
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(Reproduced from report by C,F, Tiffany and P.M, Lorenz, The Boeing Ccmpany)

NASA-Langley, 1965 CR-302 1"7




